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TITLE OF THE INVENTION 
FUSED OXABICYCL1C AMINOALCOHOLS AS NEW SCAFFOLDS FOR 
COMBINATORIAL LIBRARIES 

5 FIELD OF THE INVENTION 

The present invention relates to fused oxabicyclic aminoalcohols and derivatives 
thereof, to their synthesis, to their use as scaffolds for combinatorial libraries and also as 
intermediates in the synthesis of pharmacologically active agents. 

BACKGROUND OF THE INVENTION 

10 Up to now, the role of carbohydrates in drug discovery has been mainly related to their 
possible involvement in diseases, to the investigation of related biochemical pathways 
as well as in the design and synthesis of analogues capable of interfering within said 
biochemical processes. For example glycosides or modified glycosides can be inhibitors 
of glycosidase or glycosyl transferase and potentially can block invasive processes or 

IS cell adhesion occurring in infectious or inflammatory diseases. Glycosidic mimics of 
syalic acid can be inhibitors of Influenza Neuraminidase. Small modified 
oligosaccharides heparin-like can affect cell adhesion or modulate anticoagulant 
properties. Molecular recognitions eliciting immune response may address the design of 
synthetic vaccines and glycosyl conjugates, either found by natural substance screening 

20 or as synthetic analogues, may have therapeutic activity. 

Indeed, the last decade has wimessed new roles of carbohydrate chemistry in the drug 
discovery process. 

The sugar template has been used, in fact, as a tool to generate new drugs, by first 
mimicking non carbohydrate structures like peptides and, more recently, as structural 
25 scaffold bearing pharmacophoric functionalities to be used in combinatorial chemistry 
approaches. 

The conformational rigid structure of carbohydrates, as well as the possibility of their 
extensive functionalisation, lead to an impressive structural variety of compounds and 
thus render this carbohydrates class particularly attractive for developing. new libraries 
30 of compounds with a high degree of diversity. See, for a general reference, S. Borman, 
C&EN, July 20, 1998, 49-52; M.J. Sofia, ct al. J. Org. Chem. 1998. 63, 2802; H. Kunz. 
et al. Angew. Chem. Int Ed. Hngl. 1998, 37, 2503. 
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Monosaccharides like hexoses or pentoses, in particular, have structural characteristics 
that make them very attractive as scaffolds for primary libraries. In fact, apart from 
being multiply ftmctionalised, they are conformationally rigid or, at least, have a* limited 
conformational freedom. 

5 In addition, by showing a given stereochemical diversity, they can provide a defined 
three-dimensional spatial arrangement of suitable pharmacophoric substituents. 
Furthennore, the possible extensive fianctionalization of the hydroxy! groups in 
monosaccharides, can generate pharmacophoric diversity and also increase lipophilicity. 
This latter property may be optimally modulated so as to provide compounds with an 

10 improved pharmacokinetic and metabolic profile that nowadays is checked and required 
at a much earlier stage, in the drug discovery process. 

Hence, efforts are addressed to set up efficient methods of selective protection, 
deprotection and fbnctionaliTation, either in solution as well as on solid phases, to build 
up libraries of compounds based on carbohydrate scaffolds. 
15 DETAILED DESCRIPTION OF THE INVENTION 

Therefore, it is a first object of the present invention a compound of formula (1) or (TI) 
below 




wherein the hydroxyl groups, each independently, and the amino group, in both 
20 formulae (I), or (IT) may be optionally protected with suitable hydroxy and/or amino 
protecting, groups; and pharmaceutical ly acceptable salts thereof 
Non limiting examples of suitable hydroxy protecting groups are, for instance, acyloxy 
such as acctyloxy, allyloxy, allylcarbonyloxy or arylalkyloxy such as benzyloxy and 
p.nitrobenzyloxy; preferred hydroxy protecting groups arc benzyloxy, p.nitrobenzyloxy 
25 and allyloxy. 

Non limiting examples of suitable amino protecting groups are, for instance, 
alkoxycarbonylamino groups such as tcrt-butoxycarbonylamino (boc-amino) and 
allyloxycaibonylamino. 
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For a better understanding of the invention and unless otherwise provided, when 
reftrring to the positions of the hydioxyl and amino groups, the numbering system is the 
one conventionally adopted for these molecules, for instance as reported below for the 
compound of formula (I): 




(I) 

In addition, as the compounds of formula (I) and (11) may bear a free amino group, any 
of the said compounds in the form of an acid addition salt, for instance a 
phamfiaceutically acceptable salt, e.g. hydrochloride, has to be intended as comprised 
within the scope of the present inventioa 

10 As formerly indicated, and with the aim of finding a new tool to improve speed in drug 
discovery, the above oxabicylic aminoalcohols of formula (I) or (II) may be 
advantageously used as new scaffolds for combinatorial libraries. 
It is well known in the art that a desired property to be improved in an early phase of 
drug discovery is the so-called drug-like character of a compound, for instance related 

1 5 to its toxicity, solubility, metabolic cleavage and pharmacokinetic properties, in general. 
In this respect, it should be clear to the skilled man the importance and usefulness of a 
non>pIanar scaffold of formula (I) or (IT), being characterised by a hig^ degree of 
iunctionalization in a frozen conformation or, at least, with a limited number of possible 
conformations. Moreover, both scaffolds (I) and (FT) may be properly functionalized in a 

20 variety of ways, for instance by varying/modulating the namre of the substiments, their 
relative position and also their spatial direction. In addition, the possibility of having a 
few polar groups (e.g. hydroxyl and amino groups) that can be easily 
substitutcd/functionalized with a wide range of suitable hydrophilic or hydrophobic 
moieties may contribute even more to modulate the water solubility of the desired 

25 compounds so obtained. Furthermore, as these compounds of formula (I) and (II) may 
be selectively linked to a solid chromatographic support, through any one of the several 
functional groups, they may be also used in chromatographic techniques. 
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The compounds of foimula (I) and (Jl), either as such or being protected at any one of 

the hydroxyl and/or amino groups with well-known protecting agents, may be prepared 

according to the synthetic processes described below and variants thereof. The said 

processes for preparing the compounds of formula (I) and (I0» together with variants 

5 thereof, have all to be intended as a further object of the invention. 

For ease of references, please find below synthetic scheme (I) and scheme (2) for 

preparing the compounds of formula (I), and scheme (3) for preparing the compounds 

of formula (II)- 
Scheme 1 




Commercially available a>D-glucopyranosidc of formula (III) is first reacted with 
(dimelhoxy)methylben7ene in the presence of camphorsulphonic acid (CSA) and in a 
suitable solvent such as, for instance, acetonitrile. The obtained mixture is then reacted 
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with benzyl bromide (BnBr) and sodium hydride (NaH) in a suitable solvent, for 
instance dimethylfoimamide, so as to obtain the compound of foimula (TV). 
This latter is then reacted under acidic conditions, for instance with a 90% solution of 
trifluoioacetic acid in dichloromethane, so as to obtain the compound of formula (V). 
5 The compound of formula (V) may be regarded as a key intermediate derivative, as it 
can be converted as per instant scheme (1 ) or, alternatively, according to the subsequent 
scheme (2). 

In the former case, compound (V) is selectively silylated with tert-butyl-dimethylsilyl- 
chloride (TBDMSCl), in the presence of imidazole and dichloromcthanc, and the 
10 hydToxyl group in position 4 is subsequently protected, for instance with 
p.nitrobenzylchloride (PNBCl) in the presence of pyridine, so as to yield the compound 
of formula (VI). 

Subsequent reaction with allyltrimethylsilane and trimethylsilyltriflate allows to obtain 
the compound of formula (VII) which is fiirther reacted with iodine in dichloromcthanc, 

15 at room temperature, so as to promote cyclization to the compound of formula (VIII). 
Finally its reaction with tetrabulyammonium a^nde (NBu4N3), in a suitable solvent such : 
as toluene, allows to get the compound of fonnula (IX) which can be easily converted to 
the derivative of formula (I) wherein all of the hydroxyl groups are not protected and 
the azido group is replaced by amino, by working according to conventional methods. 

20 The above conversion may be thus carried out under reductive conditions, for instance 
through catalytic hydrogcnation in the presence of platinum or palladium catalysts, in 
the . presence of acetic acid and lower alcohols, for instance acetic acid/methanol 
mixtures. 

Likewise, azide reduction may be also accomplished under chemical reductive 
25 conditions, for instance with tin(II) chloride in the presence of thiophenol and 
triethylaminc. 

Additionally, p.nitrobcnzy] deprotection may also occur with sodium mcthoxide in 
tetrahydrofiiran/methano] mixtures. 

For a better understanding of any meaning intended for the functional/protecting groups 
30 and of the reactants being identified in scheme (1), as well as in any other part of the 
present specification, herewith below is a list of groups being conveniently indicated 
with their coding system. 
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List of abbreviations : 



Alloc allyloxycarbonyl 

Bn benzyl 

BSTFA N,0-bis(triniethylsilyl)trifluoroacetainide 

5 CSA Camphosulfonic acid 

DCM dichloromcthanc 

Die N,N'-diisopropylcarbodiimid 

DIPEA N-ethyldiisopropylamine 

DMAP 4-dimethylaminopyridine 

10 DMF N,N'-dimethyIfonnamide 

HATU [0-(7-A7abei«otria7X)l. I .yl)-Ar 

tetrainethyluioniunihexafhiOTOphosphate] 

HOBt hydroxybenzotriazole 

KHMDS potassium hexamethyldisylazide 

IS Me methyl 

Ph phenyl 

PKB /umnitrobenzoyl 

PTSA paratolucncsulfonic<acid 

TBDMS tertbutyl-dimethyl-silyl 

20 TEA triethylaminc 

TFA trifluoroacetic acid 

THF tetrahydrofuFan 

TMOF trimethyl orthofonnate 



25 



As formerly reported, the intermediate compound of formula (V) being prepared in 
scheme (I) may be also conveniently reacted according to the following synthetic 
scheme (2). 
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Scheme 2 




(I) 



From the above, it is evident that the reactions of scheme (2) are essentially those of 
scheme (1), being carried out on a different intermediate. In this specific case, however, 
the compound of formula (X) is present, in its prevalent a-configuration at the anomeric 

5 center, hence enabling cyclization to the compound of formula (XI) at low temperature. 
The iodo derivative of formula (XI) is then converted to the compound of formula (XT!) 
through reaction with sodium azide. This latter derivative, as in the previous case, may 
be converted to the corresponding compound bearing free hydroxyl groups and wherein 
the azido group is replaced by amino, for instance through catalytic hydrogenation or 

10 chemical reduction. This synthetic strategy can be convenient because of the successive 
new process we set up for linking the substrate to a proper solid support through the 
primary hydroxy] group with regioselectivity. 

Finally, the compounds of formula (I I) may be prepared according to the process, still 
comprised within the scope of the present invention, as per synthetic scheme (3) below. 



15 
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Schema 3 




The process of scheme (3) starts from the known compound of formula (XIII) and, 
through a difTerent synthetic strategy, gives the key intermediate XV (P~anomcr) that 
5 allows to obtain the desired compound of formula (II), by reacting the several 
intermediates, essentially as set forth in previous schemes (1) and (2). 
More in particular, the compound of formula (XIII) is first reacted with 1,1,1- 
tris(acetyloxy)- 1 , 1 -dihydro- 1 ,2-:benzodioxol-3( 1 H)-onc (Dess-Maitin periodinane) so as 
to obtain an intermediate carbonyl derivative which may be further reacted, without 
10 being isolated, with allylmagnesium bromide. 

This latter reaction is carried out in a suitable solvent, for instance diethyl ether, at 
-78°C, so as to get the compound of fomiula (XIV). 

According to an alternative synthetic approach, the compound of formula (XHI) may be 
also oxidized with other well-known oxidative agents comprising, for instance, the 
15 reaction with dimethylsulfoxide (DMSO) and acetic anhydride, so as to get the 
intermediate carbonyl derivative further reacted with allylmagnesium bromide, as set 
forth above. 
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The compound of formula (XIV) is then converted into the derivative of fonnula (XV) 
by reaction with triethylsilane (EtjSiH) and boron trifluoridc in diethyl ether (BF3- 
Et20), in the presence of a suitable solvent such as acetonitrile. 

The compound (KV) is then converted into the compound of formula (II), substantially 
5 as formerly reported in scheme (1), through reaction with iodine in dichloromethane 
carried out at room temperature or even higher tcmperanirc, e.g. up to refluxing 
temperature, and subsequent reaction with tetrabutylammonium azide. Catalytic 
hydrogenation, or anyway deprotectivc reduction of this latter, easily allows to obtain 
the compound of formula (IT) with free hydroxyl groups, which is further susceptible of 
10 being functionalized^rotected in a variety of ways and according to conventional 
methods, at any one of the hydroxy and/or amino groups. 

For a more detailed explanation of the processes for preparing the compounds of 
formula (T) and (TI) according to the invention, as set forth in schemes from (1) to (3) 
and variants thereof, see the experimental section. 

15 From all of the above, it is worth noting that, apart from being converted into a 
derivative of formula (I) or (II), the compounds of formula (IX), (XIl) and (XVI) of 
schemes (1) to (3), may be also loaded onto a suitable inert polymeric support, and 
further reacted to give a variety of derivatives. Likewise, any suitable intermediate 
compound of schemes (1) to (3) and which is susceptible of being anchored onto a 

20 polymeric support, may be converted as well into a variety of derivatives. 

The above features are described, in details, in a subsequent embodiment of the 
invention concerning combinatorial libraries of compounds. 

In fact, as formerly indicated, the above scaffolds of formula (I) and (11) or, whenever 

appropriate any synthetic intermediate in the preparation of the compounds of formula 
25 (I) and (10, may be properly fiinctionalized - either in solution as well as under solid 

phase synthesis (SPS) conditions - to give rise to libraries of compounds. 

In this respect it is worth pointing out that by choosing the most suitable synthetic 

scheme, it is possible to selectively proiect/deprotect given hydroxyl groups so as to 

give rise to a variety of compounds. 
30 Just as an example, the compound of formula (IX). in scheme (I), may be properly 

anchored to a solid support resin through its available hydroxyl group in position 6. 
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As such, the obtained supported compound can be then reacted according to well known 
combinatoria] chemistry techniques, for instance by working under solid phase 
synthesis (SPS) conditions. 

Preferably, the above resin is a commercially available polystyrenic resin optionally 
5 properly lunctionalized according to known methods and may include, for instance, 
Wang resin, Trityl resin, Cl-trityl resin. Rink amide resin, Tcntagel OH resin and 
derivatives thereof. 

For a better understanding, here below, are additional synthetic schemes iiom (4) to (8) 
which illustrate, as non limiting examples, the possibility of linking a given scaffold of 
1 0 formula (I) or (TT) to a suitable resin, e.g. Wang trichloroacetimidate resin. 



Schema 4: loading of compound (VII) onto a polymeric support 




As reported in scheme (4), the allyl derivative of formula (VII) is loaded onto a 
polymeric support through its prinuuy hydroxy! group, being covalcntly bonded to the 
15 KMP Wang resin itself The polymer supported compounds (XVII) thus obtained may 
be further reacted in a variety of ways, for instance as reported below in scheme 5: 
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schemes 




fn fact the rcsin-bound C-glycoside (XVII) can be deprotected at position 4 and the free 
hydroxyl group can give a variety of ethers like n.butylether as shown in the scheme, as 
an example. The allyl group in C-1 can undergo cyclization on soh'd phase to the 
5 bicyclic iododerivative (XX) that can be further modified to azidoderivative, 
analogously to the conversions of (XI) to (XII) or of (XV) to (XVI), or cleaved from the 
resin to give (XXI). This compound is a scaffold orthogonally substituted that can 
undergo lurtfier introduction of diversity, independently, at the primary hydroxyl group, 
at the benzylated oxygen atom and at the iodomcthyl moiety. 
10 Loading on a resin can be performed at the level of the bicyclic azido derivative (IX). 
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Scheme 6: loading of the azide (IX) of scheme (1) onto a polymenc support 

CCI, 



=\ OH ca,CN. oau 



X 



[ posM0ft3 



PNBO 
Bn 



^WANG 



PNBO 
Bn 



BF,.EI,O.CH^ 



/ CXX.0 



I posMDn9 1 



As reported in scheme (6), ihe resin wherein X stands for benzyloxy is first 
fVinctionalized at the hydroxyl moiety with tiichlofoacetonitrile and I,8-diaza-7- 
5 bicyclo[S.4.0]undecenc (DBU), m a suitable solvent such as dichloromcthane, and then 
reacted with the given azidoderivative of the scaffold so as to get a polymer 
supported form of it (XXIT). 

In this respect, it is worth noting that the polymer loaded derivative of the scaffold (I) 
being so prepared, may be used in combinatorial chemistiy approaches, by preparing 
10 libraries of compounds wherein diversity may occur, either selectively in positions 3 or 
9 or, alternatively, in both of said sites. 

Alternatively, the compound of formula (XIT) of scheme (2) can be selectively linked to 
a resin, through its primary hydroxyl group, so as to leave the secondary hydroxyl group 
available for combinatorial functional ization. 
1 5 Please find below, as an example, synthetic scheme (7) wherein the proper derivative of 
scaffold (1) is regioselectively loaded to the polymeric supporting resin. 
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Pol 




At first, according to scheme (7), the resin -bound silyl chloride is generated in situ by 
properly reacting a polymer supported silanc resin with l,3-dich!oro-5,5- 
5 dimethylhydantoin. The reaction can be easily monitored through IR detection, by 
checking the complete absence of the Si-H bond stretch at 2094 cm'^ Then, reaction 
with scaffold (I) of scheme (2) allows to regioselectively support it on the polymer, in 
position 6 (e.g. at the primary hydroxyl group), so as to give rise to (XXni). Again, the 
supported C-glycoside (XXI 11) has the appropriate substitution pattern by which 3-OH, 
10 4>OH, and a^ido/amino group can be independently modified to generate a compound 
library. 

Analogous considerations also apply to scaffold (10 which has the opposite 
stereochemistry at the anomeric carbon atom. In this case the best synthetic strategy 
leads to an unprotected scaffold (11) that requires a process of proper orthogonal 
1 5 protection at the amino group and the secondary hydroxyl groups [see synthetic scheme 
(8) below] before loading intermediate (XXVT) onto a resin through its primary 
hydroxy] group. 
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In scheme (8), the starting compound of foimula (11) is thus reacted with 
allyloxycarbony] chloride (AlIocCI), under basic conditions and in the presence of 
5 dioxane. The derivative (XXTV) so obtained is then reacted with tert-butyl-dimethylsilyt 
chloride and imidazole, with benzyl trichloroacctimidatc (PhCH20CNHCCl3) and then 
with p.nitrobenzyl chloride in pyridine, so as to get a bicyclic compound (XXV) which 
is finally hydrolyzcd, for instance with aqueous acetic acid in tetrahydrofuran» to get the 
final compound (XXVI). 

10 Interestingly, the two positions amenable to parallel fiinctionalization are position 4 at 
the sugar skeleton and position 9 at the fused tetrahydroiliran ring. 
In addition, as the intermediate compound has functional groups which are protected in 
the so-called orthogonal way, these same groups may be selectively removed through 
conventional methods. Therefore, compound (XXV) as well as compound (XXVQ can 

1 5 be used to generate a library of compounds cither in solution or on solid phase. In fact, 
the bicyclic compound (XXVI) can be loaded onto a resin through its free primary 
hydroxyl group (1-OH) analogously to what is described in scheme (6) for the 
derivatives of scaffold (I)- 

As foimerly indicated, the above scaffolds (I) and (II) and any intermediate derivative 
20 thereof may be thus used for preparing combinatorial libraries of compounds. 

Therefore, it is a further object of the present invention a library of two or more 
compounds of formula (XXVII) or of formula (XXVIH) 
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wherein 

Ri, Rz and R3 are, the same or different and independently from each other, a hydrogen 
atom or a group of formula PCXIX) 

5 -x.R« poax) 

wherein X is a single bond or a divalent group selected from -CO-, -CS-, -COIW- or 
-CSNR-; 

. R* and are, the same or different and independently in each occasion, a hydrogen 
atom or an optionally substituted group selected from: 
10 a) straight or branched Ci-QalkyI; 

b) Cs-Qcycloalkylor Cj-Qcycloalkyl-alkyI; 

c) aryl orarylalkyl; 

d) heterocyclyl or heierocyclylalkyi; 

or R' and R^, taken together with the nitrogen atom to which they arc attached, form an 
15 optionally substituted 5 to 7 membered hctcrocycle. optionally containing one 
additional heleroatom or hcteroatomic group selected from N, NH. O or S; or 
alternatively, any one of R, and R2 or R, and R3 may be linked together so as to form a 
5 to 7 membered hctcrocycle comprising two oxygen atoms, through an alkylene chain 
-(CH2)m- wherein m is an integer from 1 to 3; 
20 R4 and R5 are, the same or different and independently from each other, a hydrogen 
atom or a group of formula (XXX) 

-Y-R* (XXX) 

wherein Y is a single bond or a divalent group selected from -CO-, -CS-, -SO2-, 
-CONR'., -CSNR'- or -C00-; 
25 R' and R«, the same or different and independently in each occasion, are as above 
defined or, alternatively 
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Ri and R3, taken together with the nitrogen atom to which they are attached, form an 
optionally substituted 5 to 7 membered heterocyc1e» optionally containing one 
additional heteroatom or heteroatomic group selected from N, NH, O or S; 
and phamtaceutically acceptable salts thereof. 
5 The compounds of fonnula (XXVII) or pCXYIU) of the invention have asymmetric 
carbon atoms and may therefore exist as individual optical isomers, as racemic 
admixtures or as any other admixture comprising a majority of one of the two optical 
isomers, which arc all to be intended as within the scope of the present invention. 
In the present description, unless otherwise specified, with the term straight or branched 
10 Ci-Cg alkyl we intend any of the groups such as, for instance, methyl, ethyl, n-propyl, 
isopropyl, n-butyl, isobutyl, tert-butyl, sec-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, 
and the like. 

With the term Q-Cecyclo alkyl we intend, unless otherwise provided, a cycloaliphatic 
ring such as cyclopropyl, cyclobutyl, cyclopcntyl and cyclohcxyl. 

15 The term aryl includes carbocyclic or heterocyclic hydrocarbons with irom 1 to 2 ring 
moieties, either fused or linked to each other by single bonds, wherein at least one of the 
rings is aromatic; if present, any aromatic heterocyclic hydrocaibon also referred to as 
hetcroaiy] group, comprises a 5 to 6 membered ring with from 1 to 3 heteroatoms or 
heteroatomic groups selected among N, NH, O or S. 

20 Examples of aryl groups according to the invention are, for instance, phenyl, biphenyl, 
a- or p-naphthy], dihydronaphthy), thicny], bcnzothicnyl, furyl, benzofuranyl, pyrrolyl, 
imidazolyl, pyrazolyl,' thiazolyl, isothiazolyl, oxazolyl, isoxazolyl, pyridyl, pyrazinyl, 
pyrimidinyl, pyridazinyl, indolyl, isoindolyl, puhnyl, quinolyl, isoquinolyl, 
dihydroquinolinyl, quinoxalinyl, bcnzodioxolyl, indanyl, indenyl, triazolyl, and the like. 

25 Unless otherwise specified, the term heterocyclyl includes 5 to 6 membered saturated, 
partly unsaturated or fully unsaturated heterocycles with from 1 to 3 heteroatoms or 
heteroatomic groups selected among N, NH, O or S. 

Apart from the fully unsaturated heterocycles, previously referred to as aromatic 
heterocycles and encompassed by the term aryl, examples of saturated or partly 
30 unsaturated heterocycles according to the invention are, for instance, pyran, pyrrolidine, 
pyrroline, imidazoline, imidazolidine, pyrazolidine, pyrazoline, thiazolinc, thiazolidine. 
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dihydrofuran, tetrahydrofuran, l,3*dioxolane, pipeiidine, piperazine, moipholine and 
the like. 

When referring to the libraries of compounds of the invention wherein the group 
(XXTX) is other than a hydrogen atom, e.g. when X is other than a single bond and Re is 
5 other than hydrogen, functional i^ed derivatives such as cafboxy, thiocarboxy, 
carbamate or thiocarbamate compounds arc therein disclosed. 

Likewise, when referring to the libraries of compounds of the invention wherein the 
group (XXX) is other than a hydrogen atom, e.g. when Y is other than a single bond and 
is other than hydrogen, fiinctionalized derivatives such as caiboxamide, 
10 thiocarboxamide, sulfonamide, urcido, thiouretdo or carbamate compounds are therein 
disclosed. 

Unless otherwise provided in the present description, when R* and R<, being part of any 
one of the groups of formula (XXIX) or (XXX), are taken together with the nitrogen 
atom to which they arc attached, heterocyclic groups of from S to 7 members are 
15 formed. 

Just as an example, not to be intended as limiting the scope of the invention, when in the 
group of formula (XXIX) X is -CONR'-, R6 may be linked to R' so as to give rise to the 
aforementioned heterocycle, substantially as follows: 




20 It is also clear to the skilled person that analogous considerations also apply when 
referring to the group of formula (XXX) or wherein the 5 to 7 membered heterocycle is 
defined by means of groups R* and R5 linked together through the nitrogen atom to 

which they are attached. 

In addition to the above, 5 to 7 memebered helerocycles comprising two oxygen atoms 
25 may be also formed when R| and R2 or Ri and R} arc linked together through the 
aforementioned alkylcne chain. 

Depending upon the length of the alkylcne chain and of the R groups so linked, the 
following compounds can be thus identified: 
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m = 1 m = 2 



According to the present invention and unless otherwise provided, any of the above R* 
and Re groups, in each occasion, may be optionally substituted, in any of their free 
5 positions, by one or more groups* for instance I to 6 groups, independently selected 
from: halogen, nttro, oxo groups (=0), cyano, alkyl, perfluorinated alky], perfluorinated 
alkoxy, alkenyl, alkynyl, hydroxyalkyi, aryl, arylalkyl, heterocyclyt, cycloalkyl, 
hydroxy, alkoxy, aiyloxy, heterocyclyloxy, methylenedioxy, alkylcarbonyloxy, 
arylcarbonyloxy, cycloalkenyloxy, alkylideneaminooxy, carboxy, alkoxycarbonyl, 

)0 aryloxycarbonyl, cycloalkyloxycaibonyl, amino, ureido, alkylamino, dialkylamino, 
arylamino, diaiylamino, formylamino, alkylcarbonylamino, arylcarbonylamino, 
heterocyclylcaibonylamino, alkoxycaibonylamino, alkoxyimino, alkylsulfonylamino, 
arylsulfonylamino, formyl, alkylcarbonyl, arylcaibonyl, cycloalkylcarbonyl, 
heterocyclylcaibonyl, aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl, 

IS alkylsulfony], arylsulfonyl, aminosulfony), alkylaminosulfonyl, dialkylaminosulfonyl, 
aryhhto and alkylthio. 

In this respect, with the term halogen atom we intend a fluorine, chlorine, bromine or 
iodine atom. 

With the term alkenyl or alkynyl we intend any of the aforementioned straight or 
20 branched C2-C6 alkyl groups further bearing a double or triple bond. Non limiting 
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examples of alkenyl or alkynyl groups of the invention are, for instance, vinyl, allyl, 1- 
propenyl, isopropenyl, l-buteny), 2-butenyl, 3-butenyl, 2-pcntenyI, 1-hexenyl, ethynyl, 
2-propynyl, 4-peiitynyl, and the like. 

With the term perfluonnated alkyi or alkoxy we intend any of the above straight or 
5 branched Ci-Q alky I or alkoxy groups which are substituted by more than one fluorine 
atom such as, for instance, trifluoromethyl, trifluoroethyl, 1,1,1,3^,3'hexafluoropropyl, 
trifluoromethoxy and the like. 

With the term alkoxy, aryloxy, heterocyclyloxy and derivatives thereof we intend any of 
the above alkyi, aryl or heterocyclyl groups linked to the rest of the molecule through a 

10 oxygen atom (-0-). 

From all of the above, it is clear to the skilled person that any group which name is a 
composite name such as, for instance cycloalkylalkyl, arylalkyl, heterocyclylalkyl, 
alkoxy, alkylthio, aryloxy, arylalkyloxy, alkylcaibonyloxy, arylalkyi, heterocyclylalkyl 
and the like, have to be intended as conventionally construed by the parts from which 

15 they derive. As an example, a group such as heterocyclylalkyl has to be intended as n 
alkyi group further substituted by a heterocyclic moiety, wherein alkyi and heterocyclyl 
are as above defined 

Pharmaceutically acceptable salts of the compounds of formula (XXVII) and (XXVIII) 
include the acid addition salts with inorganic or organic acids, e.g., nitric, hydrochloric, 

20 hydrobromic, sulfuric, perchloric, phosphoric, acetic, trifluoroacetic, propionic, 
glycolic, lactic, oxalic, malonic, malic, maleic, tartaric, citric, benzoic, cinnamic, 
mandetic, metfaanesulphonic, isethionic and salicylic acid, as well as the salts with 
inorganic or organic bases, e.g., alkali or alkaline-earth metals, especially sodium, 
potassium, calcium or magnesium hydroxides, carbonates or bicarbonates, acyclic or 

25 cyclic amines, preferably methylamine, ethylamine, diethylamine, triethylamine, 
piperidine and the tike. 

According to an embodiment of the invention, within the above libraries of fomiula 
(XXVII) and (XXVIII), any the above optionally substituted R* and Ke groups is, at 
each occurrence, preferably selected from: 
30 - alkyi, e.g. ethyl; isopropyl; n-hcptyl; n-butyl; methoxymethyl; dimcthylaminomcthyl; 
- aiylalkyl, e.g. benzyl; 2-phenylethyl; a-napthylmethyl; p.methoxyphenylmethyl; 
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- aryl» e.g. phenyl; 3,5-dimethoxyphenyl; p.melhylphenyl; p.fluorophenyl; 
iri.fluoromethy]; in.inethoxypheny]; pyridyl-3-yl; thienyl-2-yl; or 
-cycloalkyl, e.g. cyclopropyl. 

The above libraries of formula (XXVTI) or (XXVTll) can be random libraries, wherein 
5 diversity is the main goal to achieve and which may allow biological screening of 
several compounds, for instance iirom coiporate collections. As an example, random 
libraries can be built around a non-interactive scaffold through generation of structural 
diversity, for instance by varying the nature of the attached moieties and/or their mutua]. 
position and directionality. 
10 Alternatively, the so called focused libraries may be used for hit expansion or lead 
optimization. They may be construed by building diversity around a given bond, around 
a scaffold producing active interactions .or even by building phaimacophoric an^ys of 
interactive moieties around a supporting scaffold with variability of their relative 
positions and spatial directions. 
1 5 Both the above types of libraries may comprise several compounds being prepared in a 
combinatorial fashion to afford mixtures which can be tested in 
biological/phannaceutica] screenings, in high-through-put screenings, as part of a drug 
discovery program. 

Just as an example, when libraries of compounds of formula (XXVII) or (XXVHI) arc 
20 tested in biological assays, screenings could be performed to evaluate whether one or 
more of the compounds of the library may exert the desired biological properties. 
Sec, for a general reference to libraries of compounds and uses tficreof as tools for 
screening biological activities, J. Med. Chem. 1999, 42, 2373-2382; and Bioorg. Med. 
Chem. Utt 10(2000). 223-226. 
25 As an cxainplc, once a library of compounds of formula pCXVII) or (XXVIII) is thus 
prepared, for instance consisting of a few hundreds of derivatives, the said library can 
be very advantageously used for screening towards given protein kinases, and possibly 
identify protein kinase inhibitors which may be useful, in therapy, in the treatment of 
diseases associated with protein kinase disregulation or maliiinctioning, e.g. tumors. 
30 In this field, the said con^unds could be tested as cyclirwiependent kinase inhibitors, 
for instance cdk2 inhibitors, or as inhibitors of other protein kinases including, for 
instance, protein kinase C in different tsoforms. Met, ?AK-4, PATC-5, ZC-1, STLK-2, 
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DDR.2, Aurora I, Aurora 2, Bub-I, PLK, Chkl. Chk2, HER2. rafl, N4EK1. MAPK. 
EGF-R, PDGF-R, FGF-R, IGF^R, PI3K, weel kinase, Sic, Abl, Akt, MAPK, ILK, MK- 
2, IKK-2, Cdc7, Nek, and the like. 

Likewise, these compounds could be also useful as inhibitors of other target proteins 
5 like polymerases or proteases of pathological agents, for instance viral or bacterial 
pathogens. 

The prQ)aration of the libraries of foimula (XXVIl) and (XXVIIO may be earned out 
according to a variety of alternative processes, all characterized by the feet that given 
scaffolds of formula (I) and (II) and suitable precursors thereof, optionally supported 
10 onto a polymeric resin, may be functionalized, selectively at predefined positions, with 
several groups. 

As an example, the solid supported scaffold (I) may be fimctionalized as reported in the 
following schemes. 



Schema 9 



PNB 

BnO 



(a) (b) 



''^S^.^x^ sng,: PhSH "^^^o^;;^^ 

15 ' <d) ^NH, 

According to scheme (9), the polymer supported scafTold of formula (I) and therein 
identified as compound (a) is first dcprotected at position 3, with sodium methylate in 
the presence of a mcthanol/tetrahydrofiiran mixture, and subsequently reacted with a 
suitable carboxylic acid RCOOH, in the presence of N.N'-diisopropylcafbodiimide-4- 

20 dimethylaminopyridine (DIC-DMAP), in dichloromethane and at room temperature. 
The compound (c) thus obtained is then reduced as formerly reported, for instance with 
tin(II) chloride and thiophenol. in the presence of triethylamine. * 
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Schema 10 



^WANG 



HO 
Bf> 



NMM.THF 



O \ 
<b) " 



^^WANG 



RCOOH. HATU. DIPEA ^^^^^'TS^S^ 
DCM,D MF 



NHCOR* 



According to scheinc (10), the polymer supported compound (b) of scheme (9) may be 

converted into the coiresponding p.nitrophenylcaibonate (e) by means of 4-nitrophenyl- 

oxycarbonylchloride and N-methylmorpholine (KMM), in tetrahydrofuran. Subsequent 

aminolysts with R'*NH2 followed by azido group reduction to amino (g) and fuithcr 

acylation with R'COOH, yields the carbamate (h). 
Scheme 11: Ether fofmetlon on solid phase. 
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(XXBI) \^ 
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10 



15 



According to scheme (11) the polymer supported compound (XXIII) of scheme (7) or 
(b) of scheme (9) may be converted into a corresponding ether for example, benzyl ether 
and the amino group can be further modified, alkylated, acylatcd, or converted to an 
ureido derivative, for instance as per the above scheme. 



Scheme 12 



RCCX)— ^^Oy 



1) R'CH0. (MeO)jCH 

2) NaCNBH3, (MoO),CH. 
AoOH 



R'COOH 



HATU. DIPEA, DCM, DMF 
R'SOXI 



IHCOR' 



0) 



DMAP. OCM 
R>ICO 



DCM 

R'NCS 



DCM 



R^OOH. HATU 



<m) 
(n) 



IHSO^ 



NHCONHR* 



IHCSNHR* 



(O) 



(P) 



IHCH^* 



DIPEA. OCM. DMF 



R-NCO. OCM 



l(CH3R*)COR- 



l{CH,R-)CONHR'- 



According to scheme (12), the polymer supported compound (d) of scheme (9) may be 
also converted into a variety of derivatives, by properly reacting and ftmctionalizing the 
amino group, to the corresponding amido derivative of formula (1), sulfonamido 
derivative of formula (m). ureido derivative of formula (n) or ihioureido derivative of 
formula (o), and the like. In addition, compound (e) may also undergo reductive 
amination to the corresponding secondary amines (p) which can be further converted 
into the N.N-disubstituted amides (q) or to the N,N-disubstituted-ureido derivatives (r). 
All of the above reactions are carried out according to well known methods in the art. 
As an example, amides or sulfonamides (I) and (m) may be obtained by reacting (d) 
with a suitable cartwxylic acid RCOOH or sulfonyl chloride R'SOjCI. in the presence 
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of condensing agents, e.g. 4-dimethylaTninopyridine (DMAP), and in a suitable solvent, 
e.g. dichloromethane. 

Ureido or thioureido derivatives (n) or (o) may be obtained by reacting (d) with a 
suitable isocyanate or isothiocyanate derivative RWO or R'NCS, respectively, in a 
suitable solvent like dichloromethane. 

Reductive amination of (d) to (p) is also accomplished according to conventional 
techniques, by first reacting the amine (d) with an aldehyde derivative R'CHO and by 
subsequently reducing the amido group thus formed, with sodium cyanoborohydride. 
Interestingly, the methylamino derivative (p) thus obtained may be further 
ftinctionalized through reaction with a suitable carboxylic acid R"'COOH to yield N,N- 
disubstituted amides (q) or, alternatively, through reaction with an isocyanate R*"NCO 
to the conesponding ureido compound (r). 

From all of the above reaction schemes, it is clear to the skilled man that the nature of 
any rcactant being employed and, more particularly, the kind of R, R', R" or R"' 
substituent, will determine the substitution/functionalization in position 3 and/or at the 
amino group, as set forth in formula (XXVII). 

In addition, it is also clear that when preparing the compounds of formula POCVII) or 
(XXVni) according to any one of the aforementioned process variants, optional 
functional groups within the starling materials or the intcmicdiatcs thereof and which 
could give rise to unwanted side reactions, need to be properly protected according to 
conventional techniques. Likewise, the conversion of these latter into the free 
deprotccted compounds may be carried out according to known procedures. 
The resulting compounds are then subsequently cleaved from the resin to which they are 
linked according to known methods, for instance under acidic conditions, e.g. in the 
presence of irifluoroacetic acid in dichloromethane; detachment from the resin lead to 
the corresponding free hydroxymethyl derivatives as final compounds. 
As reported in the following experimental section, the purity of the compounds thus " 
prepared was assessed by 'H NMR spectroscopy of the crude reaction mixtures. Flash 
chromatography gave the pure target compounds which were fully characterized by 'H- 
NMR, MS or EA (elemental analysis). 

As an example, the following amines, amides and ureido derivatives of formula 
(XXVri), as per charts A, B and C, were thus prepared. 
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Chart B - amides herewith conveniently indicated with fonnula (XXVn7B-) 
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Chart B cont. - amides herewith conveniently indicated with formula (XXVII-B-) 





(XXVH-B-n) H 



(XXVll-8-q) " 



(X)(Vtl-aK>) 



fXXVII-B-D^ H 





(XXVll-B-r) H 



(XXVII-B-5) H 



5 Chart C - ureido derivatives herewith conveniently indicated with formula (XXVII-C-) 



0|N 



(XXVIK>0) 
Q ^OH 

o 



... 



(XXVIKC-to) 




(XXVIK>d) 



H H 
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Chart C cont - ureido derivatives herewith conveniently indicated with fonnula 
(XXVII-C-) 




(X)CVlK>p) » H (XXVI^Oq) H H 



' (XXVIkC-r) H H fl {5 

PCXVIK>«) 

5 . 
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Rach of these compounds, alternatively, can be also singly prepared, in a pure form, for 
screening, further testing or for use as a medicament Said pure compounds, or mixtures 
thereof, may also be appended to a solid support, cither directly or through a tether, or 
incorporated into polymers or gels to afford novel substances that could have utility in 
5 the fields of separation science, in the development of diagnostic materials or exhibit 
utility as affinity chromatographic supports. . 

With the aim of better illustrate the present invention, without posing any limitation to 
it, the following examples are now given. 

EXAMPLES 

10 Compounds (IV). (V). and the related tntemiediates were obtained from the 
commercially available methyl a-D^ghicopyranoside as shown in scheme (1) following 
published procedures for the synthetic transfomiations [1) M.E. Evans Carbohydr Res. 
1971, 27, 473^75; 2) D.J. Bell and I Lorber X Chem. Soc, 1940, 453-455; and 3) 
Ishikawa and Fletcher J. Org. Chem. 1969, 34, 563]. Characterization of compounds 

15 (rV) and (V) was also previously reported. In the following paragraphs we describe in 
detail the methodologies for the synthesis of compound (VI) and its precursor with 
analytical data for these compounds. 

EXAMPLE 1 

Preparation of Methyl 2;S-di-0-bcazyl-4-0-(4-nitrobcazoyO-6-0- 
20 tcrbutyldlmctbylsilyl-a-D-glucopyranosidc (VI) 

Step 1: preparation of methyl 2,3-di-0-bcnzyl-6-0-tcrbutyIdimethylsilyl-a-D- 
glucopyranoside. 

A solution of (V) (4.4 g. 1 1 .8 mmol), imidazole (4.02 g, 59 mmol) and TBDMSCI (3.03 
g, 20.1 mmol) in 40 mL of dry DMF was vigorously stirred under argon at -40°C 
25 overnight. The solution was then diluted with 200 mL of CH2CI2, washed with water, 
dried on sodium sulfate, filtered and concentrated. The product was purified by flash 
chromatography on silica gel (10% ethyl acetate/hcxane) and the title compound was 
recovered as a colorless oil (5.5 g, 86% yield). 

•H-NMR (300 MH7, CDCI3): 5 (ppm)= 0.10 (s, 6H. 2CH3). 0.90 (s, 9H, 3 CH3 ), 3.37 
30 (s, 3H, CH3O), 3.48 (dd. IH. H2, ^J^ = 9.7 H7, \.2 = 3.4 Hz). 3.52-3.62 (m, 2H. H4 
and H5), 3.80 (t. IH, H3, = 9.7 Hz), 3.80 (d. 2H, H6. 'j,^ = 5.1 Hz), 4.61 (d, IH, 
HI, 'J,.2 = 3.4 Hz), 4.64 (d, IH, H^u. ' 12.0 Hz), 4.75 (d, IH, = 12.0 Hz). 
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4.76 (d. IH, Hb«, = 11.5 Hz), 4.97 (d, IH, Ht<^ = 1 1.5 Hz), 7.20-7.60 (m, lOH. 
Hanw). MS = 488.5 (M). [a]o = +17.4*. Anal. calcA for C27H4o06Si (448.7): C 66.36, 
H 8.25; found: C 67.10, H 8.76. 
Step 2: preparation of compound (VI). 
5 A solution of methyl 2,3-di-abenzyi-6<>-leibutyldimethylsilyl-a-D-glucopyTanoside 
(4.8 g, 9.8 mmol), pyridine (7.9 mL. 98.0 mmol) and PMBCl (3.6 g, 19.6 mmol) in 80 
mL of diy dichloromethane was stirred under argon at room temperature overnight The 
solution was then dihited with 100 mL of CH2CI2, washed with water, dried on sodium 
sulfate, filtered and concentrated The product was purified by flash chromatography on 
10 silica gel (10% ethyl acetate/hexane) and the title compound (VI) was recovered as a 
white solid (6.2 g, quantitative yield). 

'H-NMR (300 Mf Fz, CDCI3): S(ppm) = -0.1 (s, 6H, 2CH3), 0.83 (s, 9H, 3 CH3 ), 3.43 (s, 
3H, CH3O), 3.60-4.70 (m, 3H. H2 and 2H6). 3.84 (m, IH. H5), 4.05 (t, IH, H3, = 
%^ = 9.6 Hz), 4.56 (d, IH, Hbc„., = 1 1.7 Hz), 4.66 (d, IH, HI, ^J,.2 = 4.0 Hz), 4.68 

15 (d. IH, Hb^,, = 1 1.9 Hz), 4.79 (d, IH, = 1 1.9 Hz), 4.84 (d. IH. H^,, = 

11.7 Hz (d, IH. HI, 'J,.2 = 3.4 Hz), 5.17 (t, IH. H4. « 9.9 Hz), 7.00-7.60 (m. 

lOH. H«„). 8.00-8J0 (AA'BB' system, 4 H. H4^,„^,). MS = 637.4 (M). [a]o =? - 
23,1'. M.p. = 78.5 °C. Anal, calcd. for C34H43N09Si (637.80): C 64.03. H 6.79, N 2.20; 
found: C 63.98.H 6.33. N 3.12, 

20 EXAMPLE 2 

Preparation of 3-C-P3Hli-0-bciuyl^OH4-ditrobciizoyl)-a-l>-gIucopyranosyl]-l- 
propcoc (VII). The title compound can be prepared according to two alternative 
methods A and B, both described below. 
Method A. 

25 A solution of (VI) (5.75 g, 9.0 mmol), as per example 1 , in 80 mL of HaO/THF/AcOH 
(1:1:2) was vigorously stirred at room temperature for 2 hours. The mixture was then 
diluted with brine, neutralized with solid NaHCOs and extracted with CH2CI2 (3x100 
mL). The organic phase was dried on sodium sulfate, filtered and concentiaied. The 
product was purified by flash chromatography on silica gel (40% ethyl acctatc/hcxanc) 

30 and methyl 2,3-di-0-benzyl-4-0-(4-nitrobcnzoyl).a-D-glucopyranoside was recovered 
as a pate yellow solid (3.48 g, 73% yield). 
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'II-NMR (300 MH7, CDCI3): 6 (ppm) - 3.42 (s, 3H. CH3O). 3.60-3.70 (m, 2H, H2 and 
H6), 3.55 (dd. IH, H6. ^J«. = 12.7 Hz, ^J,.* « 4.0 Hz), 3.80 (m, IH, H5). 4.12 (t, IH, 
H3.^J^3 = 'Jm = 9.5 Hz). 4.63 (d. IH, Hbn«. = 1 1 .9 Hz), 4.66 (d, IH, HI, ^J,.2 = 4.3 
Hz), 4.68 (d, IH, Hbou, = 11 .7 Hz), 4.81 (d, IH, Hba«, = 1 1.9 Hz)* 4,88 (d. IH, 
5 Hte«, = 1 1.7 Hz), 5.18 (t, IH, H4, %^ = ^J^., = 9.9 Hz), 7.00-7.60 (m, lOH, H^), 
7.90-8.30 (AA'BB' system, 4 H. H4H»ii,obc««yi). MS = 523.3 (M). [0)0= -64.8*. M.p. = 
125.1 X. Anal, calcd. for C28H29NO9 (523.56): C 64.23, H 5.58, N 26.75; found: C 
65.1 l.H 6.34, N 26.73. 

By working according to known methods (J.A. Bennek and G.R. Gray; J. Org, Chem. 

10 1987, 52, 892-897), a solution of methyl 2,3-di.O-benzyl-4-0-(4-nitrobcn7oyl)-a-D. 
glucopyranoside (100 mg, 0.19 mmol) and BSTFA (36 jiL, 0.14 mmol) in 0.5 ml of 
acetonitrile, was sealed and stirred for I h at 60 X. Then the mixture was cooled at 0°C, 
allyltrimethylsilane (80 \iL, 0.95 mmol) and TMSOTf (260 |iL, 0.95 mmol) were added 
and the solution stirred at 0*C for 72 h. The solution was then diluted with 10 ml of 

15 ethyl acetate, washed with water, dried on sodium sulfate, filtered and concentrated. 
The product was purified by flash chromatography on silica gel (40% ethyl 
acetate/hcxane) and the title compound (VII) was recovered as a colorless oil (40 mg, 
40% yield on the alpha anomcr, the beta anomer was present in a negligible quantity). 
^H-NMR (200 MHz, CDCI3): 5 (ppm)= 2.51 (m, 2H, CH2 allyl ), 3.61 (m. 2H, H6), 

20 3.70-3.80 (m, IH, H5). 3.80 (dd, IH. H2. ^J,.2 = 5.1 Hz, ^Jj.j = 8.4 Hz), 3.94 (t, IH, H3, 
^Jm - ^J3^ = 8,4 Hz), 4.15 (dt, IH, HI), 4.66 (AB syst, 2H, Htcnz), 4.74 (AB syst, 2H, 
HbcnJ, 5.12 (m, IH, H3'cis ). 5.16 (t, IH, H4, ^J^., = 8.4 Hz). 5.21 (m, IH, 

H3-«), 5.81 (m. IH, HP), 7,20-7.40 (m, lOH, H^), 8.30 (AA'BB' system, 4 H, H4. 

nitn]boi7i}yl)> 

25 Method B. 

Under inert argon atmosphere and diy conditions the compound of formula (Vf) (1 .4 g, 
2.3 mmol) was dissolved in 5.75 mL of diy MeCN, allyltrimelhylsilanc (1.75 mL, 5 eq, 
U mmol) and trimethylsilyltriflate (1.99 mL, 5 eq, II mmol) were added and the 
mixture kept on stirring for 72 hours. The mixture was diluted with AcOEt and carefully 
30 kept at 0®C; then 22 mL of IM aqueous NaOAc, previously stored in ice at 0**C were 
added. In this way, 22 mmol of base, exactly two times the eq. of TMSOTf were added, 
obtaining a buffer solution (pH 5). Mixing of the two phases, extraction with AcOEt, 
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washing to neutrality and evaporation afforded a crude mixture which by 
chromatography on silica gel (AcOEl-hexane 4:6) gave the pure product (VH) (880 mg; 
yield: 72%). 

EXAMPLE 3 

5 Preparation or2,6:5,ft-dianhydro-9-azido-4-0-bciizyl-7^-didcoxy-3-0-(4- 
nitrobcnzoyO-D-glyccro-L-gulo-nonitol (IX). 

Step 1: preparation of 2,6:5,8-dianhydro-4.0-bcnzyI-7,9-dideoxy-9-iodo-3-0-(4- 
nitrobenzoyl)-D-glycero-L-guIo-nonito} (VIII). 

To a solution of the C-glycoside (VII) (400 mg, 0,75 mmol) in dry THF (3 mL) cooled 
10 at 0°C in an ice-bath. I2 (570 mg, 2.25 mmol) was added and the solution stirred at OX 
for I hr. The crude was then diluted with AcOEt (100 mL). 200 mL of water were 
added and the mixture was vigorously stirred at room temperature adding N%S203 
portion-wise until the two phase discolored. The organic layer was washed with water, 
and the crude purified by flash chromatography (40% AcOEt/petroleum ether) affording 
1 5 the compound (VIIT) as a yellow solid (260 mg, 61 % yield). 
Step 2: preparation of compound (IX) 

The n-Bu4NN3 was prepared from the commercial NaNa using the following procedure: 
40% aqueous n-Bu4NOH (23 ml) was diluted with water (23 ml) and a solution of NaNj 
(1 140 mg, 35 mmol) in water (10 ml) was added and the solution was stirred 30 min at 
20 room teniperature. The aqueous solution was extracted three times with CHCI3 and the 
n-Bu4NN3 was recovered as a deliquescent colorless solid that solidified after removal 
of moisture by >yashing several times with toluene. 

The iododerivative (VIII) (250 mg. 0.44 mmol) was dissolved in dry toluene (5 mL) 
under argon atmosphere, n-Bu4NN3 (375 mg, 1.32 mmol) was added and the solution 
25 was stirred at 60 **C 12 his. The reaction crude was concentrated in vacuo and purified 
by flash chromatography (50% AcOEt/petroleum ether) affording the title compound 
(IX) as a colorless solid (90 mg, 42% yield). 

Compound (IX) is a mixnire of diastereomers that are visible by TLC analysis (40% 
AcOEt/petroleum ether). 
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EXAMPLE 4 

Preparation of 2,6-anhydro-4^i-0-beiizyl-7»M-trideoxy-I>-gluco-noD-8-cnitol 
(X) (also known as6-aUyl-4^bi9-lM;nzyloxy-2-hydrozyincthyl.tctrahydropyran-3- 

or). 

5 Under inert atmosphere and dry conditions, methyl 2,3-di-O-benzyJ-a-D- 
glucopyranoside (9.35 g, 23.95 mmol) was dissolved in 51.1 mL of dry MeCN. Ally! 
trimethylsilane (19.27 mL, 5 eq, 119 mmol) and trimethylsilyltriflate (21.63 mL, 4 eq, 
97.3 mmol) were added and the mixture was stirred for 3 hours. The mixture was 
carefully kept at O^C and diluted with AcORt (150 mL) and water (150 mL), then 
10 Na2CX)3 was added until neutrality. Mixing of the two phases, extraction with AcOEt 
and evaporation afforded a crude mixture which, by chromatography on silica gel 
(AcOEt-hcxanc 1:1), gave the title compound (X) (7.16 g; yield 78%). 
[M+H]+ = 385; [M+NHJH- = 402. 

'H-NMR (CDCI3), diagnostic signals 5(ppm): 7.4-7.2 (m, lOH), 5.8 (m, IH). 4.0 (m. 
15 lH),2.5(m.2H). 

EXAMPLE 5 

Preparation of 2,6:5,8-dianhydro-4-0>bcnzyl-7,9-didcoxy-9-iodo-D-glyccro-L-gulo- 
nonitol (XI). 

To a solution of 2,6-anhydro-4,5-di-0-benzyl-7,8,9-trideoxy-D-gluco-non-8-enitoI (I g, 
20 2.6 mmol) in dry DCM (10.4 mL) cooled at 0**C in an ice-bath. Ij (1.32 g. 2 eq.. 5.2 
mmol) was added and the solution stirred at 0 *C for 3 hr. The crude was then diluted 
with AcOEt (100 mL), 200 mL of water were added and the mixture was vigorously 
stirred at room temperature adding Na2S203 portion-wise until the two phases 
discolored The organic layer was washed with water, and the crude purified by flash 
25 chromatography (AcOEt-hexane 6:4) afibrding the title compound (X[), also known as 

7-bcnzyloxy-5-hydroxymethyl-2-iodomethylhexahydroiuro[3,2-b]pyran-6-ol. as a 
yellow oil (800 mg, 74 % yield mixture of cpimers). 
[M+H]+ = 421 ; [M+NT-T4]+ = 438, 

'H-NMR (CDCI3), diagnostic signals 6(ppm): 7.4-7.2 (m, 5H), 4.6 (m, IH). 3.3 (m, 
30 2H),2.2(m, lH)2.0(m, IfO- 
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EXAMPLE 6 

Preparation of 2^:5,8-dianhydro-9-azido-4^beiizyl-7^1dcM>zy-D-glyccro-I^ 
gulo-oonitol (XII) . 

2,6:5,8-dianhydn)-4-0-benzyl-7,9-dideoxy-9-iodo-D-g!yccrO'L-gulo-nonitol pci) (670 
5 mg, 1.60 mmol) was dissolved in DMF (5 mL) under argon atmosphere, Na^3* (207 
wg. 2 eq., 3.19 mmol) was added and the solution was stiired at SO'^C for 4 hrs. Then, 
the mixture was diluted with AcOEt (30 mL) and water (30 mL). Mixing of the two 
phases, extraction with AcOEt and evaporation afforded a crude mixture which, by 
chromatography on silica gel (AcOEt-hexane 6:4), gave the title compound (XT!) as a 
10 colorless oil (593 mg. 100% yield). 
[M-H]- = 334;.[M+CH3COO]- « 395. 

'H-NMR (CDClj), diagnosric signals 6(ppm): 7.4-7.2 (m, 5H), 4.6 (m, IH), 3.3 (m, 
2H),2.2(m, lH)1.8(m.lH). 

EXAMPLE? 
1 5 Oxidation of 23,4,6-tctra-0-bcnzyl-I>-glucosc 
Method A (with Dess Martin Periodinane). 

To a solution of the tetrabcnzyl glucopyranoside (XIII) (L5 g, 2.774 mmol, 1 eq.) in 27 
mL of dry CH2Ch, Dess Martin Periodinane (DMP) (1.76 g, 4.161 mmol, 1.5 eq.) was 
added. The resulting mixture was stirred at room temperature for I h, then 1 more eq. of 

20 DMP was added to push the reaction to completion. The reaction was diluted with EtiO 
(50 mL) and treated with 50 mL of an aqueous solution containing 2.5 g of NaHCCb 
and 12.5 g of NaaS^Oj. The resulting mixture was then stirred until the organic phase 
became clear. The organic phase was washed with a saturated aqueous solution of 
NaHCOj, H2O, dried over sodium sulfate, filtered and volatiles were removed under 

25 reduced pressure. The crude tetra-O-benzylglucolactone was analysed by TLC and 
NMR and did not require-further purification. Yield « L45 g (97%). 
'H NMR (200 MHz, CDCI3): 3,7 (m. 2H, .CH2O- H6); 3.96 (m. 2H. H3 + H4); 4.15 (d. 
IH. H2 J= 5.5 Hz); 4.4-4.8 (m. 8H, H5 + 7 PhCHiO-); 5.2 (d. IH, PhHCHO- J= 11.4 
Hz); 7.15-7.4 (m. 20H. PhCHjO-)- 

30 Method B (Swem oxidation). 

Under argon atmosphere compound (XIII) (5g, 9.25 mmol, 0.04 M) was dissolved in 
230 mL of the oxidant mixture DMSO/AC2O previously stirred for one hour with 4 A 
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molecular sieves. After 3 hours the reaction was completed (monitored by TLC: AcOEt- 
hexane 3:7). The reaction mixtuie was diluted with CH2G2 and H20-ice, the organic 
phase was carelully washed with H2O in order to eliminate DMSO as much as possible. 
Excess of DMSO was evaporated under high vacuum. The crude was purified by flash 
5 chromatography on silica gel (AcOEt-hexane 1:9). 4.88 g of the telra-O 
benzylglucolactone were thus recovered as a pure product. Yield 98%. 

EXAMPLES 

Allylation of gluconolactonc to get the compound of formula (XIV) 

Under argon atmosphere the gluconolactonc (5.138 g, 9.539 mmol, eq 1) was dissolved 
10 in 75 mL of dry EtzO and cooled at -78X in a mixture of acetone-COi. 
Allylmagnesium bromide (12.4 mL of a soln. I M in EtiO, 12.4 mmol, 1.3 eq) was 
added drop-wise in .40 min. The reaction was stirred for 3 hours and checked by TLC 
(AcOEt-hexane 3:7). We transferred the reaction flask in an ice bath and the 
temperature was raised up to O^'C. 10 mL of a satured aqueous solution of NH4*a" were 
15 added drop-wise, to neutralize the unreacted Grignard reagent. The reaction mixture 
was diluted with AcOEt and the organic phase washed with 5% HCl aq. and then H2O, 
dried and evaporated. The crude was purified by columji chromatography on silica gel 
(AcOEt-hexane from 5:95 to 20:80). We recovered 4.4 g of the allylderivative 5,6,7^- 
tctra-0-bcnzyl-l,2,3-trideox)(-l>gluco-non-l-en-4-ulopyranosc (XIV) as a pure 
20 product Yield 80%. 

EXAMPLE 9 

Stereoselective reduction with EtjSiH, to get 2,6-anhydro-l3,4^tctra-0-bcnzyl- 
7,8,9-tridcoxy-L-glycero>L-gulo-non-8-cnitol (XV). 

Compound (XIV) (2.4 g, 4.133 mmol, eq 1) was dissolved under inert argon atmosphere 
25 in 25 mL of diy acetonitrile and cooled at -1 8** C (ice+sall bath). EtjSiH (0.855 ml, 5.37 
mmol, 1.3 eq.) and BFs'EtiO (0.52 mL, 4.133 mmol, 1 eq.) were added and the reaction 
was stirred for 1 hour. A TLC control revealed that the p-anomer completely reacted 
while the correspondent a-anomer did not react. After 90 minutes we added distilled 
water and solid NaHCOj to neutralize the acid, until the aqueous phase was basic. The 
30 organic phase was diluted with AcOEt and washed with water for 3 times, then dried 
and evaporated. The crude was purified by flash chromatography (AcOEt-hexane 1:9), 
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recovering K45 g of pure pnkluct (XV) (yield 63%), and 600 mg of unreacted a- 
anomer. 

EXAMPLE 10 

Preparation of the bicyclic azidoderivative 2,6:5^diaiihydro-9-azido-13>4^-0- 
5 benzyl-7,9-dideoxy-I>-gIycero-L-guIo-nonitol (XVI). 
Step 1: formation of the bicycltc iodoether derivative. 

Under inert atmosphere compound (XV) (650 mg, 1.1 SI nmiol, I eq.) was dissolved 
into 27 mL of dry CH2CI2 and cooled at O^C in an ice bath. I2 (1.75 g, 6.09 mmol, 6 eq) 
was added (the final concentration of h in the mixture had to be 0.25-0.30 M) and the 

10 reaction mixture was stirred at room temperature for six hours. The reaction was 
monitored with Maldt-TOF mass spectrometry following the complete disappearance of 
compound (XV). Wc added an aqueous solution of Na2S2Q3 shaking vigorously until 
the excess of iodine was destroyed (the brown colour disappeared) taking care to use the 
minimum quantity of reducing agent to prevent the demolition of the cycle. The organic 

15 phase was washed with water twice and then dried and evaporated. Flash 
chromatography with AcOEt-hexane from 1:9 to 4:6 was performed using the minimimi 
amoimt of silica gel. Wc recovered 551 mg of the bicyclic iodomethylderivative as a 
pure product Yield: 80%. 

Step 2. Substitution with azide to get the compound (XVT). 

20 The bicyclic iodomethylderivative (1.477 g, 2.46 mmol, 1 eq.) of step 1 was dissolved 
into 50 mL of dry toluene under inert atmosphere and then BU4NN3 was added (3.5 g, 
14.7 mmol, 5 eq). The reaction was stirred for 2 days at room temperature. The solvent 
was evaporated at 30°C with great care because Bu^NNj might be explosive at higher 
temperatures, the cnide was purified by flash chromatography (AcOHt-hexane 1 :9). We 

25 recovered 1 . 1 9 1 g of the bicyclic azidoderivative (XVI)- Yield: 94%. 

NMR IH, 300 MHz (mixture of diastercoisomcrs): 5 (ppm): 2.05 (IH, m, HI *a), 2.3 
(IH. q, HPb). 3.18 (lH.q, H3'). 3.58 (7H. m. HI, H3, H4, H5. 2H6. Hr), 3.15 (IH, t, 
H2), 4.42-4.9 (6H, m, bcnzylic CH2) , 7.28 (15H,m, H arom.) 

EXAIVfPLEll 

30 Preparation of the bicyclic aminodcrivativc 9-aroino-2,6:5,8-dianhydro-7,9- 
didcoxy-L-glyccro-L-gulo-nonitol (II)* 
Method A. Catalytic hydrogcnation of compound (XVI) 
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A solution of compound (XVI) (83 mg, 0.161 irnnoi. 1 eq.) in MeOH (3 mL) was 
treated with Pd/C (17 mg, 10 wt. %, 0.1 cq.) and acetic acid (0.1 mL, 1.75 mmol. 1 1 
eq.). The reaction was stirred at room temperature under hydrogen atmosphere. TLC 
(AcOEt/hexane 4:6) showed the disappearance of the starting material and the reaction 
5 was continued - until a single non-UV-visible spot was present (TLC: 
CHzCIz/MeOH/TEA 7:3:1; Rf =- 0.2). The reaction was filtered through a celite pad (2 
cm thick), which was ftirther washed several times with MeOH. Concentration of the 
combined filtrates under reduced pressure gave a colourless oil. Yield = 33 mg (73%) of 
(II) as acetic acid salt 

10 'H NMR (200 MHz, CD3OD): 2.0 (s, 3H. CHaCOO ); 2.05-2,24 (m, 2H, HI »); 2.95-3.9 
(m, 7H, HI + H2 +H3 + H4 + H5 + H6 + H3'); 4.32 (m, IH, H2'). 
Method B. Catalytic hydrogen transfer reduction of compound (XVI). 
Compound (XVO (262 mg, 0.508 mmol, 1 eq.) was dissolved into 10 mL of MeOH and 
HCOONH4 (640 mg, 1 0. 1 6 mmol, 20 cq) and 10% Pd(0H)2/C (26 mg) were added. The 

15 reaction was stirred at reflux temperature for 5 hours, TLC and Maldi-TOF mass 
controls revealed the disappearance of the starting material and the formation of other 
products of partial hydrogenation among which the principal was the target compound 
(0). TLC: AcOEt-hexane 4:6 for compound (XVI) and CH2a2-McOH 7:3 for the final 
product (II). The catalyst was removed by fihration on celite and the solvent was then 

20 evaporated. After the addition of 5 mL of water, the aqueous phase was extracted 5 
times with CHaCh. The organic phase was dried and evaporated to yield the cnide (II), 
directly submitted to the following reaction for the amino group protection. 

EXAMPLE 12 

Allyloxycarbonylation of the amino group. Preparation of 9- 

25 {[(allyIoxy)carbonyllamino}-2,6:5,8Hlianhydro-7.9^idcoxy-I>-glyccro-L-gulo- 
nonito! (XXIV). 

A solution of the acetic acid salt of compound (II) (29 mg. 0.104 mmol, I eq.) in 
dioxane (0.5 mL) was treated with a 10% K2CO3 aqueous solution (I mL) and cooled to 
O^'C. A solution of Alloc-Cl (22 pL, 0.208 mmol, 2 eq) in dioxane (0.5 mL) was added 
30 drop-wise and the reaction mixture was stirred for one hour at room temperature. When 
the ninhydrin test on TLC revealed the absence of unieacted NH2 groups, reaction 
mixture was treated with acetic acid to pH=7 and volaiiles were removed under reduced 
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pressure. Purification by flash-chromatography (DCM : MeOH 95/5) gave (XXIV) (24 
mg, 76% yield). 

'H NMR (200 MHz, CDCI3), 5 (ppm): 2.0 (m, 2H, HI '); 3. 1 -3.9 (m, 9H. HI + H2 + H3 
+ H4 -f H5 + H6 + H3'); 4.44 (m, IH, H2'); 4.55 (m, 2H, CH2=CHCH20-); 5.2 (m, 2H, 
5 CH2=<:HCH20-); 5.67 (m, IH, -CH2OCONHCH2-); 5.92 (m, IH, CH2K:HCH2a). 
'H NMR (200 MHz, CD3OD): 2.05 (m. 2H. HP); 3.1 -3.9 (m, 9H, HI + H2 + H3 + H4 
+ H5 + H6 + H3'); 4.3 (m. IH. H2-); 4.57 (m. 2H, CHj^CHQLO-); 5.18-5.4 (m, 2H. 
CH2=CHCH20.); 5.98 (m, IH, CHj^THCHzO-); 7.1 (m, IH, -CHiOCONHCHj- 
exchanges with deuterium within 20 minutes). 
10 EXAMPLE 13 

Preparation of the orthogonally protected derivative 9-{|(aIlyloxy)carboayl] 

araino)-2,6:5^dlanhydro-3-0-benzyl-l-0-[tcrt-butyl(dlmcthyl)silyl]-7,9-dldcoxy- 

4-0-(4-nitrobcnzoyl)-L-glyccro-L-gulo-nonitol(XXV). 

Step 1 : Silylation of the primary hydroxy group. 

15 A solution of pCXIV) (17.5 mg, 0.0577 mmol. leq.). imidazole (7.8 mg, 0, 1 15 mmol, 2 
eq.) and TBDMSCl (0.0635 mg, 9.6 mmol. 1.1 cq.) in 0.577 mL of diy DCM was 
vigorously stirred under nitrogen atmosphere at 0*»C for 2 h. The solution was then 
diluted with 5 mL of water, and extracted several times with DCM (2 mL). The organic 
phase was dried over sodium sulfate, filtered and evaporated. The crude was analysed 

20 by TLC and NMR and did not require further purification. Yield = 23 mg (95%) of 6-0- 
silyl derivative. 

'H NMR (200 MHz, CDCb), 5 (ppm): O.l (s. 6H, -Si(CH3)2); 0.9 (s. 9H, -SiC(CH3)3); 
2.0 (m. 2H, HP); 3.1-3.9 (m, 9H, HI + H2 + H3 + H4 + H5 + H6 + H3'); 4.38 (m. IH. 
H2'); 4.6 (m, 2H, CHj^CHCaLO-); 5.3 (m, 2H. CH2=CHCH20-); 5.4 (m, IH, - 

25 CH2OCONHCH2-); 5.92 (m, IH, CH2=CHCH20-). 

Step 2: Mono-bcnzylation of secondary hydroxyl group at position 3. 
Under an inert nitrogen atmosphere and dry conditions, the previous silyl derivative (23 
mg, 0.055 mmol, 1 eq.) of step 1 and benzyl trichloroacetimidate (10 pL, 0.055 mmol, I 
eq) were dissolved in 275 of diy. DCM and kept at 0'>C. Trimethylsilyl 

30 trifluoromethanesulfonate (2 jiL, 0.01 1 mmol. 0.2 eq) was added and the mixture was 
stirred for 2 hours at room tcmpcralurc. The reaction mixture was then quenched with 2 
\iL of triethylamine and evaporated to give a crude product which was purified by flash 
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chromatography on silica gel (EtOAc-hexanc 4:6) to give analytically pure 3-0- 
benzylated pioduct (14.5 mg, 52 % yield). 

NMR (400 MHz. CDCb). 5 (ppm): 0.1 (s. 6H, -SiCCiDi); 0.9 (s. 9H, -SiqCHj),); 
2.0 (m. 2H, HI '); 3J^-3.5 (m, H, HI + H4 + H5 + H3'); 3.57 (dd, IH, H2 J,= 9 Hz Jz- 
5 8.2 Hz); 3,65 (dd, IH, H3 J,= 8.7 Hz h= 8,6 Hz); 3.84 (dd, IH, H6 Jgan= 10.7 Hz J,= 
4.6 Hz); 3.91 (dd, IH, H6" Jjan= 10.7 Hz J,= 4.93 Hz); 4.33 (m, IH, H2'); 4.6 (m, 2H, 
CHr=CHCH20-); 4.75 (d, IH, PhHCTO- Jgco.= 1 1 .8 Hz); 4.93 (d, IH, PhHCHO- Jgcm^ 
11.8 Hz); 4.96 (bm, IH, , -CH2OCONHCH2-); 5.3 (m, 2H, CH2=CHCH20-); 5.95 (m, 
IH. CH2=CHCH20-); 7.3-7.45 (m. 5H, Ph-). 
10 Step 3: p-nitrobenzoylation of the remaining secondaiy hydroxy I group in position 3 to 
get compound (XXV) 

A solution of the previous 3-O-bcnzylated product (26 mg. 0.0512 mmol, 1 cq.) of step 
2, pyridine (41 |iL, 0.512 mmol, 10 eq.), PNBCI (19 mg, 0.102 mmol, 2 eq.) and DMAP 
(cat amount) in 0.512 mL of diy dichloromethane was stirred, under nitrogen 

15 atmosphere, at room temperature overnight The solution was then diluted with 2 mL of 
dichloromethane, washed with water, dried over sodium sulfate, filtered and 
concentrated in vacuo. The product was purified by flash chromatography on silica gel 
(EtOAc-hexane 2:8) to give analytically pure (XXV) (30 mg, 90% yield). 
'H NMR (400 MHz, CDCI3). 6 (ppm): -0. 1 (s, 6H, -Si(CH3)2); 0.83 (s, 9H, -SiC(CH3)3); 

20 2.05 (m, 2H. HI'); 3.3 (m, IH. H3'); 3.48-3.50 (m, 2H. HI + H3'); 3.67-3.74 (m, 4H, 
H6 + H5 + H4); 3.78 (dd. IH, H2 J,= 8.88 Hz J2= 8.89 Hz); 4.4 (m, IH, H2'); 4.6 (d, 
IH, PhHCHO. J^= 12.5 Hz); 4.63 (m. 2H, CH2K:HCH20-); 4.82 (d, IH, PhHCHO- 
Jgcm- 12.5 Hz); 4.95 (bm, IH, , -CH2OCONHCH2-); 5.25-5.38 (m, 3H. CH2=CHCH20- 
+ 113); 5.96 (m, IH, CH2=CHCH20-); 7.15 (m, 5H. Ph-); 8.1 -8.3 (m. 4H. NO2H!-). 

25 EXAMPLE 14 

Dc-silylation of compound (XXV) to get 9-{{(allyloxy)cBrboayl)amino}-2,6:5,8- 

diaDhydro-3-O-bcnzyl-7^-^idcozy-4-O-(4-Ditrabcnzoy0-L-glyccro-L-gulo-noDft^^ 

(XXVT). 

A solution of compound (XXV) (24 mg, 0.0366 mmol) in 1.2 mL of IhOmTF/AcOH 
30 (1:1:2) was vigorously stirred at room temperature for 5 hours. The mixture was then 
diluted with brine, neutralized with solid NaHCOj and extracted with CH2CI2 (3x2 mL). 
The organic phase was dried over sodium sulfate, filtered and evaporated in vacuo. The 
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product was purified by flash chromatography on silica gel (1 : 1 ethyl acetate/hexane) to 
give analytically pure compound (XXVI) (1 6 mg, 80% yield). 

*H NMR (200 MHz, CDCI3). 5 (ppm): 2,05 (m, 2H. HI '); 3.3-3.50 (m, 3H. H! + H3'); 
3.67-3.74 (m, 5H, H6 + H5 + H4 + H2); 4.4 (m, IH, H2'); 4.6 (d, IH, PhHCHO- Jgnn= 
5 12.2 Hz); 4.63 (m, 2H, CH2=CHCH20-); 4.82 (d, IH, PhHCHO- Jgcn»= 12,2 Hz); 4.97 
(bm, IH, , 'CH2CX:ONHCH2-); 5.2-5.40 (m, 3H, CH2=CHCH20- + H3); 5.96 (m, IH, 
CH2K:HCH20-); 7.15 (in, 5H,Ph-); 8.1-8.3 (m, 4H, NOzWi-). 

EXAMPLE 15 

Loading of the C-glucoside (VII) onto a polymeric support [BMP (Wang) rcsiD] 

10. through the primary hydroxyl group. 

The HMP-trichloiacetimidate resin (Ig, maximum loading 0.8 nunol) was allowed to 
swell for 30 min in dry CH2CI2 under aigon atmosphere. Then the resin was washed 
well with dry THF to remove the moisture and suspended in 5 ml of anhydrous 
cyclohexanc. A three-fold excess of C-glucoside (VII) ( 1280 mg, 2.4 mmol) dissolved 

15 in 2 mL of anhydrous CH2CI2 and a catalytic amount of BF3-OEt2 (25 \xL) were added 
to the suspension that was shaken for 10 min at room temperature under argon 
atmosphere. The resin was then washed with anhydrous CH2CI2 and THF and the 
loading and washing cycle was repeated by recycling the C-glucoside (VII). The resin 
loaded with the C-allyl derivative (XVII) was finally dried overnight in vacuo. The 

20 loading was determined by cleaving a part of resin (100 mg) in TFA 10% in CH2a2 (2 
.x30 min, room temperature) and resulted to be of 0,75 nimol/g (average value from 
three independent experiments of loading). 

EXAMPLE 16 

Selective deprotcction of 0-4 of the C-allylglucosidc and ether formation on solid 
25 phase to get resin linked Intermediate (XIX). 

The resin linked intermediate (XVIT) (linked through C6) was treated with a base in 
order to selectively deprotect the position 4 that was subsequently functionalized as n- 
butyl ether. 

Step 1 : resin linked intermediate (XVIII). 
30 Method A. The resin (500 mg, about 0.4 mmol of bound sugar) was washed with 
anhydrous CH2CI2 (10 mLx2) and THF (10 mLx2) under argon atmosphere, then was 
suspended in 10 mL of anhydrous DMF and a five-fold excess of KOtBu (220 mg, 2 
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mmol) was added. The solution turned to a dark blue color and the resin was stirred at 
room temperature for 2 hours under argon atmosphere. Three other cycles of hydrolysis 
of 2 hours each were performed to ensure a complete depiotection of the position 4. The 
solvent was finally removed and the resin washed with diy DMF, acetone, THF and 
5 DMF, affording the resin linked intermediate (XVIII). 

Method B. 100 mg of resin (XVH) (0.45 mmol/g, 4.5*10'* mmol) were washed 4 times 
with dry THF to remove moisture, suspended in dry THF (5 mL) under inert 
atmosphere and MeONa (0.5 M in MeOH, 7 eq., 0.312 mmol, 625 fiL) was added. The 
suspension was shaken for 1 6 h at room temperature and drained. The resin was washed 
10 with DCM x2. DMF x2, McOH x2, DMF x2 and DCM x3 and dried in vacuo ovemight 
(absence of PNB ester was evaluated by TLC analysis aRer cleavage of 10 mg of resin) 
to give (XVIIQ. 

Step 2: resin linked intermediate (XIX) 

Method A. Resin -bound glycoside (XVIII) was 0-alky!atcd in position 4 by the 

15 Following way. To a suspension of the resin in 10 mL of anhydrous DMF, a five- fold 
excess of KOtBu (220 mg, 2 mmol) and of n-butyl bromide (215 \lL, 2 mmol) and a 
catalytic amount of nBu4NI (5 mg) were added and the mixture was shaken at room 
temperature ovemight. The resin was then washed with anhydrous DMF, THF, CH2CI2. 
DMF under. argon atmosphere. The O-alkylalion and washing cycle was repeated two 

20 other times. After the last cycle of reaction, the resin was washed with DMF. water, 
acetone, THF and dried in vacuo ovemight affording the resin linked intermediate 
(XDQ. 100 mg of dried resin were cleaved (10% TFA in CH2CI2, 2x 30 min, room 
temperature) and the C-glucoside recovered in the effluents resulted to be almost pure 
according to TLC analysis. After purification by flash chromatography on silica gel 

25 (30% ethyl acctate/hexane), 26 mg of pure 3-C-f 2,3-di-0-benzyl-4-p-(n-butyl)-a-D- 
glucopyranosy]]-l-propene were recovered, corresponding to a loading of 0.6 mmol/g. 
'H-NMR (200 MHz. CDClj): 6(ppm) = 0.90 (t. 3H, CHj, J = 7.5 Hz), 1.30 (m, 2H, 
CH2CH3), 1.50 (broad multiplet, 2H, CH2CH2CH3), 2.47 (m, 2H, H3*), 3.26 (t, IH. H3 
or H4), 3.40-3.80 (m, 7H, H2,H3 or H4, H5, H6, -CHz-O ), 4.02 (dt, IH, HI), 4.64 (AB 

30 syst., 2H. CHaPh), 4.82 (AB sysL. 2H, CHjPh), 5.10 (m, 2H. HI'). 5.80 (m, IH, H2'). 
7.2.7.4(m, lOH, H™).MS: m/z = 44l (M);423(M.18). 
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Method B. 40 mg of resin (XVni) (0.48 mmol/g, 20*10'^ mmol) were washed 4 times 
with dry THF to remove moisture, suspended in diy DMF (2 mL) under inert 
atmosphere and KHMDS (5 cq., 0. lOO mmol. 152 of 15 % solution in toluene) was 
added. The suspension was shaken for 15 min, then butyl bromide (22 ^L, 10 eq., 0.200 
5 mmol) and tctrabutyl ammonium iodide (1.5 mg, 0.2 cq., 4*10'^ mmol) were added and 
the resulting mixture was shaken for 2 h and drained. The conversion was followed by 
TLC after cleavage of a small aliquot of resin (10 mg). Other two cycles of fcaction 
were performed. After the last cycle of reaction, the resin (XIX) was washed with DMF 
x2, MeOH x2 and DCM x3. 

10 Method C. 40 mg of resin (XVni) (0.48 mmol/g, 20M0-^ mmol) were washed 4 times 
with diy THF to remove moisture, suspended in dry DMF (2 mL) under inert 
atmosphere and KHMDS (5 eq., 0.100 mmol. 152 of 15 % solution in toluene) was 
added. The suspension was shaken for 15 min and the excess of base was removed by 
filtration under inert atmosphere. Butyl bromide (22 mL, 10 cq., 0.200 mmol) and 

15 tetrabutyl ammonium iodide (1.5 mg, 0.2 eq.. 4*10*^ mmol) were added and the 
resulting mixture was shaken for 2 h and drained. The conversion was followed by TLC 
after cleavage of a small aliquot of resin (10 mg). Other two cycles of reaction were 
performed. After the last cycle of reaction, the resin (XIX) was washed with DMF x2, 
MeOH x2 and DCM x3. 

20 EXAMPLE 17 

lodo-cyclizatlon to bicyclic scaffold (XX) on solid phase. Preparation of 2,6:5,8- 

dlanhydro-4-0-bcn2yI.3-0-butyI-7,9-dldcoxy-Wodo.D-glyccro-L-g^ 

(XXI). 

Step I: resin linked bicyclic compound (XX). 

25 400 mg of the resin (XIX) (0.24 mmol of bound C-glucoside) were allowed to swell in 
dry CH2CI2 for 30 min at room temperature under argon atmosphere, then were 
suspended in a solution of iodine (300 mg. 1.2 mmol) in 10 mL of anhydrous CH2CI2 
and shaken at room temperature for 24 h under argon atmosphere. The resin was then 
washed with anhydrous THF and CH2CI2 and another cycle of reaction was performed. 

30 At the end of the reaction, the resin was carcftilly washed with THF, acetone and 
CH2CI2 until the effluents were colorless and was dried in vacuo overnight to give the 
resin linked bicyclic compound (XX). 
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Step 2: preparation of the title compound (XXI) 

A sample of 100 mg of dried resin (XX) was cleaved (10% TFA in CH2a2, 2x30 min) 
and compound (XXI) was recovered almost pure as judged irom a preliminary TLC 
analysis. lododerivative (XXI) revealed to be resistant to the acidic conditions of the 
5 cleavage and was purified by flash chromatography on silica gel (40% ethyl 
acetate/hexane). 96 mg of pure compound (XXI) were recovered corresponding to a 
loading of 0.S mmol/g of the resin and to an almost quantitative yield of the 
iodocyclization step. 

Fodoglycosidc (XXI): "H-NMR (300 MHz, CDCI3): 5{ppm) = 0.90 (t, 3H, CHj, J = 7.5 
10 Hz). 1.35 (m, 2H, CH2CH3). 1.55 (m, 2H, ClLCHiCHj). 1.94 (dt, IH, H3*A, Jj ao b = 
13 Hz; J3.., = J3..r = 6.0 Hz). 2,26 (dt, IH, H3*B, Jj a-s b = 13 Hz; Jj ., = Jy.r = 6.8 Hz), 
3.24 (m, m, H5). 3.26 (dd. IH. HI'A), 3.32 (dd. IH, Hl'B), 3.30 (m. IH, one of the 
two protons CH2-O of n-butyl ether), 3.65 (m, IH, H2'). 3.7-3.8 (m, 4H. H3, H6A. H6B 
and one of the two protons CH2-O of n-butyl ether), 4.00 (t, IH, H2, J1.2 = J2-3 = 5.7Hz), 
15 4.10 (bt. III, H4), 4.56 (dt, IH, HI, J,.2 = 5.7Hz; J,.3- = 6.0 Hz), 4.78 (AB syst, 2H,' 
CHiPh), 1.2-1 A (m, 5 H, H^^ ). MS: m/z= 477 (M). 

In the proton NMR spectrum of compound (XXI) two sets of signals are visible 
corresponding to two diastereomers (ratio between the isomers about 3:1) deriving from 
the formation of the asymmetric carbon C8 during the iodo-cyclization. 
20 EXANfPLE 18 

Loading of bicyclic azidc (IX) onto Wang resin 

Bicyclic azide (IX) (mixture of diastercoisomers) was loaded onto Wang resin activated 
as trichloToacctimidate by performing two cycles. 

Wang trichloioacctimidatc resin was prepared starting from commercially available 
25 Wang resin, according to known procedure (Hanessian S., Xie F. Tetrahedron Lett. 
1998, 39, 733-736). 

Wang trichloToacetimidate resin (203 mg, 0.95 mmol/g, 0.193 mmol) was washed 

several times with dry THF to remove moisture, then a solution of (IX) (470 mg, 5 eq., 
0.965 mmol) in dry DCM (3 ml) was added under inert atmosphere and the suspension 
30 shaken for 5 min at RT. BF3*nt20 (12 pL, 0.5 eq.. 0.095 mmol) was added and the 
suspension was shaken for 15 min at RT. The resin was then washed with DCM (2x3 
mL), THF (2x3 mL). McOH (2x3 mL). DCM (4x3 mL) and dried in vacuo 
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overnight. The effluents were collected to recover the unloaded scaffold (IX), which 
was purified by filtralioD through a silica gel plug (eluant: n-hexane^ethyl acetate 6/4; 
wcigjit of recovered (IX): 410 mg). To deteimine the loading, 49 mg of resin were 
cleaved with 20% TFA in CH2a2 (2x5 mL, 20 min) and pure azide (IX) was 
5 recovered after purification on a silica gel plug (10.5 mg indicating a loading of 0.44 
mmol/g, corresponding to a 50% conversion). 

The partially loaded resin (197 mg; 0.44 mmol/g of loaded scafToId; 0.44 mmol/g of 
free OH corresponding to 0.087 mmol of free OH) was washed, under inert atmosphere, 
several times with dry THF to remove moisture, then was suspended in dry DCM (2.9 

10 ml) and trichloroacetonitrile (175 ^iL, 20.0 eq., 1.74 mmol) was added. A 1:9 
DBU:DCM solution (1 10 corresponding to 11 pL, 0.85 eq., 0.074 mmol of pure 
DBU) was added drop-wise in 5 minutes to the suspension, then the resulting 
suspension was shaken for 40 minutes at room temperature, drained and washed with 
dry DCM twice. A second trichloroacetimidate formation cycle was performed with the 

15 same procedure, then the solution was drained and the resin washed with DMF (2x3 
mL), DCM (2x3 ml), DMF (2x3 mL), DCM (4x3 mL) and dried in vacuo overnight. 
The Wang trichloroacetimidate resin so obtained was washed several times with dry 
THF under inert atmosphere to remove moisture, then a solution of (DC) (423 mg, 5 cq., 
0.870 mmol) in dry CH2CI2 (3 ml) was added and the suspension shaken 5 min at room 

20 temperature. BFs-EtzO (U \iL, 0.5 eq., 0.087 mmol) was added and the suspension 
shaken for 15 min at room temperature. The resin was then washed with DCM (2x3 
mL), THF (2x3 mL), MeOH (2x3 mL). DCM (4x3 mL) and dried in vacuo 
overnight to give a batch of the resin-linked derivative (XXII). The effluents were 
collected to recover the unloaded compound (DQ, which was purified by filtration 

25 through a silica gel plug (eluant: n-hexane/ethyl acetate 6/4; weight of recovered (IX): 
350 mg). To determine the loading, 68 mg the resin were cleaved with 20% TFA in 
CH2CI2 (2x5 mL, 20 min) and pure azide (DQ was recovered alleir puriHcation on a 
silica gel plug (20 mg indicating a loading of 0.60 mmol/g, corresponding to a 78% 
conversion). 

30 EXAMPLE 19 

Selective dcprotcction of the p-nitrobcnzoyl ester (position 3). Preparation of rcsin- 
linkcd Intermediate (b). 
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ICQ mg of resin (a) [also coded as (XXII)] (0.45 mmol/g, 4.5* 10'^ mmol) were washed 
4 times with dry THF to remove moisture, suspended in dry THF (5 mL) imder inert 
atmosphere and MeONa (0.5 M in MeOH, 7 eq., 0.312 mmol, 625 ^L) was added. The 
suspension was shaken for 16 h at room temperature and drained. The resin was washed 
5 with DCM X 2, DMF x 2, MeOH x 2, DMFx2 and DCM x 3 and dried in vacuo 
overnight to give (b) (absence of PNB ester was confirmed by TLC analysis after 
cleavage of 10 mg of resin). In order to verify the yield of loading and conversion the 
resin was cleaved with 20% TFA in CH2C)2 (2 times x 1.0 mL, 20 min), and the related 
compound fit5e-(b) was recovered after evaporation (18 mg). The crude compound was 
1 0 analyzed by TLC and 'H NMR, and then purified by flash-chromatography. 1 0 mg were 
obtained.. 

'H NMR (200 MHz, CDCb): 1 .90 (m, IH, HCH 1 *); 2.20 (m, IH, HCH 1 '), 3.45 (m, 
2H. H3'); 3.57^.08 (m, 6H, H2, H3, H4, H5, H6); 4.15 (m. IH, H2*); 4.56 (m, IH. 
HI); 4.65 (d, IH, -HCHPh, J = 12.6 Hz); 4.88 (d, IH, -HCHPh, J = 12.6 Hz); 7.3-7,55 
15 (m,5n,-Ph). 

EXAMPLE 20 

Rcgiosclcctivc solid phase attachmcjit of a did. Preparation of (XXIII). 

Step 1 : activation of the resin (PS-DES-SiCl). 

100 mg of resin PS-DES-SiH (by Argonaut) (1.37 mmol/g, 0. 138 mmol) were washed 4 . 

20 times with dry THF to remove moisnire, suspended in dry DCM (1.37 mL) under inert 
atmo^here and l,3-dichloro-5,5-dimethylhydantoin (162 mg, 6 eq., 0.822 mmol) was 
added. The suspension was shaken for 1.5 h at room temperature and drained. The resin 
was washed with DCM x 2, DMF x 2, MeOH x 2, DMF x 2 and DCM x 3 and dried by 
nitrogen flux to get the resin PS-DRS-SiCl. Absence of Si-H (stretching at 2094 cm ' ) 

25 was confirmed by IR analysis. 
Step 2: loading of the substrate. 

A solution of 2,6:5,8-dianhydro-9-azido-4-0-benzyl-7.9-didcoxy-D-giycero-L-gulo- 
nonitol (XIT) (275.7 mg, 3 eq., 0.822 mmol) and imidazole (65.2 mg, 3.5 eq., 0.959 
mmol) in dry DCM (4 mL) was added to the resin PS-DES-Si-Cl (theoretical 0.274 
30 mmol) and shaken over night under inert atmosphere. The solution was filtered and the 
unloaded scaffold recovered. The resin was washed with DCM x 2, DMF x 2, MeOIl x . 
2, DMF X 2 and DCM x 3 obtaining (XXIII), directly employed in the iurther reactions. 
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EXAMPLE 21 

Functioaalization of OH group at position 3. Ether formation to get compound 

CXXVII-C-k). 

Method A. 

5 100 mg of resin (XXIIQ (13 mmol/g theoretical loading) were washed several times 
with dry THF to remove moisture, then suspended in dry THF (3 mL) under inert 
atmosphere. NaH (27.4 mg, 5 eq., 0.685 mmol) was then.added and the suspension was 
shaken for 15 min. Then benzyl bromide (163 pL, 10 eq., 1.3 mmol) and 
tctrabuiylammonium iodide (3.5 mg, 0.2 eq., 0.027 mmol) were added, and the resulting 
10 ihixture was shaken overnight. Then the resin was washed with DMF x 2, McOH x 2 
and DCM x 3 and submitted to the further steps. 

Successive steps comprised the azidc reduction performed as described in method A of 
example 24, the reaction with isopropylisocyanate and successive cleavage from the 
resin performed analogously to what is described in example 30. Purification gave the 
15 N-isopropylureido derivative (XXVII-C-k), 

Mass spectra: [M+H1+ = 485; [M^CHjCOO]- = 543. 
Method B. 

180 mg of resin (b) (0.4 mmol/g) were washed several limes with dry THF to remove 
moisture, then suspended in dry DMF (3 ml) under inert atmosphere. KHMDS (15% in 

20 toluene, 5 eq., 0.18 mmol, 120 \xL) was added, and the suspension was shaken for 15 
min. Then the alkylating agent (10 eq., 0.35 mmol) and tctrabutylammonium iodide (2.6 
mg, 0.2 eq., 0.007 mmol) were added, and the resulting mixture was shaken overnight. 
A small amount of the resin was washed with DMF x 2, MeOH x 2 and DCM x 3 and 
absence/presence of starting material was evaluated by TLC analysis after cleavage. 

25 EXAMPLE 22 

Functionaiization of OH group at position 3. Acylation. (Scheme 9) 
We performed the esterification directly on resin (b) using 10 equivalents of 3- 
phenylpropionic acid (hydrocynnamic acid). 10 eq. of DIC and 10 eq. of DMAP as a 
base (see, for a general reference about the use of DICVDMAP in esterification reactions 

30 on solid phase, Riguera et al. J. Org. Chem., 1999, 64, 8063) in DCM, substantially as 
set forth in scheme (9). The completeness of the reaction was followed by cleavage of 
minute quantities of the resin (<10 mg) and TLC comparison with an original sample 
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synthesized in solution. Typically the reaction was completed after one overnight cycle 
with the quantities described above. 

50 mg of resin (b) (0.43 mmol/g. 2.15*10*^ mmol) were suspended in dry DCM (2 mL) 
under inert atmosphere and S-phenylpropionic acid (32 mg, 0.215 mmol, 10 eq.), 
5 DMAP (26 mg, 0.215 mmol, 10 eq.) and DIG (33 ^L. 0.215 mmol, 10 eq.) were added. 
The suspension was shaken for 16 h at room temperature and drained. The resin was 
washed with DCM x 2, DMF x 2, MeOH x 2, DMF x 2 and DCM x 3 and dried in 
vacuo overnight (absence of starting material was evaluated by TLC analysis after 
cleavage of 10 mg of resin) to give resin type (c). The resin was cleaved with 20% TFA 

10 in CH2CI2 (2 times x 0.5 mL, 20 min), and compound unloaded (c) (with R = 
phenylpropionyl) was recovered after evaporation (10 mg). The crude compound was 
analysed by TLC and *H NMR, and then purified by flash-chromatography (4 mg). 
'H NMR (200 MHz, CDCI3). 5 (ppm): 1.90 (m. IH, HCH I'); 2.23 (m.lH. HCH V); 
2,65 (m, 2H, PhCH2CH2-); 2.95 (m, 2H, PhCHzCHj-); 3.3-3.85 (m, 6H, 

1 5 H6+H5+H3+H3*); 3.90 (dd. 1 H. H2 J,= 4 Hz J2= 4 Hz); 4. 1 5 (m, 1 H, H2»); 4.6 (m, 1 H. 
HI); 4.70 (d, IH. PhHCHO- J= 12.8 Hz); 4.8 (d, IH, PhHCHO- J= 12.8 Hz); 4.97 (dd, 
IH. H4 6.8 Uz J2= 6.8 Hz); 7.1-7.4 (m. lOH, Ph.). 

Herewith below is reported a representative procedure for the acylation of the free 
OH at position 3. 

20 500 mg of resin (b) (0.4 mmol/g, 0.2 mmol) were suspended in diy DCM (5 mL) under 
inert atmosphere and the carboxylic acid (2.00 mmol, 10 eq.), DMAP (245 mg, 2.00 
mmol, 10 eq.) and DIC (313 \iU 2.00 mmol, 10 eq.) were added. The suspension was 
shaken for 16 h at room temperature and drained. The resin was washed with DCM x 2, 
DMF x 2, MeOH x 2, DMF x 2 and DCM x 3 and dried in vacuo overnight (absence of 

25 starting material was confirmed by TLC analysis after cleavage of 1 0 mg of resin). 

EXAMPLE 23 

Functionalizatlon of OH group at position 3. Carbarn oylation. (Scheme 10) 
Step 1 : preparation of resin (e) 

100 mg of resin (b) (0.42 mmol/g, 4.2*10'^ mmol) were washed with dry THF (4x2 
30 mL) under inert atmosphere. The resin was then suspended in 1 .25 mL of THF and 4- 
nitrophenyl chloroformate (85 mg. 0.420 mmol, 10 eq.) and N-methyl morpholine (93 
HL, 0.840 mmol, 20 eq.) were added. The su^ension was shaken for 3 h at room 
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temperature and drained. A second cycle with the same quantities was performed for 3 
h, then the solution was drained and the resin washed with THF (2x2 mL), DCM (2x2 
mL) arid THF (2x2 mL) obtaining resin (e). 
Step 2: 

5 The resin (e) was suspended in dry THF and butyl amine (125 pL, 1.26 mmol, 30 eq.) 
was added. The suspension was shaken overnight at room temperature, then the solution 
was drained and the resin was washed with DCM (2 x 2 m L), DM F (2 x 2 mL), DCM (2 
X 2 mL), DMF (2x2 mL) and DCM (4x2 mL) and dried in vacuo overnight (absence 
of starting material was evaluated by TLC analysis after cleavage of 10 mg of resin) to 

10 obtain a resin type (f). 

The resin (0 was cleaved wilh^20% TFA in CH2CI2 (2 timesx 2 ml. 20 min), and 
unloaded (0 (with R- =. butyl) was recovered after evaporation (22 mg). The cnide 
compound was analyzed by TLC and ^H-NMR, and then purified by flash- 
chromatography (8 mg). 

15 'H NMR (200 MHz, CDCI3). 5 (ppm): 0.92 (t, 3H, CH3CH2 J= 7 Hz); 1 .25-1 .55 (m. 4H, 
CHJCH2C3LCH2); 1.92 (ddd, IH. HCH r J,= 3.7 Hz 6.5 Hz J3= 1 1,5 Hz); 2.25 
(m, IH, HCH 1 '); 3.1 8 (m, 2H. -CH2CH2OCO-); 3.42 (m, 2H, H3-); 3.65-3.9 (m. 4H. 
H6+H5+H3); 3.97 (m, IH, H2); 4.18 (m. IH, H2-); 4.63 (m, IH, HI); 4,7-4.9 (m, 4H, 
PhCHjO- + H4 + NH); 7.34 (m, 5H, Ar-). 
20 EXAIVfPLE 24 

Reduction of azido group on solid phase. Preparation of the rcsin-loadcd 
amidodcrivativc (d). 
Method A. 

A clear solution of PPh, (210 mg, 0.8 mmol. 10 eq.), H2O (144 ^L, 8.0 mmol, 100 eq.) 

25 in THF (2880 pL) was added to 200 mg of resin (c) (0,4 mmol/g, 0.08 mmol) pre- 
swelled in DCM for 30 minutes. The resulting mUture was shaken overnight, the 
solution was removed and the resin was washed with THF x 2, DCM x 2, THF x 2 and 
DCM X 2. The TBNS test (visualizing the presence/absence of free amino groups was 
carried out as described in W.S. Hancock, J.E. Battereby. Anal. Biochem. 1976, 71, 

30 260-264) gave a favorable result: absence of starting material was evaluated by TLC 
analysis after cleavage of 10 mg of resin. After the above mentioned washing cycles. 
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the resin (d) was kept under inert atmosphere and used immediately for the next 

reaction. 

^fcthodB 

250 mg of resin (c) (0,4 mmol/g, 0.1 mmol) were suspended in THF (4 mL) and SnCh 
5 (152 mg, 0.80 mmol, 8 eq.), thiophenol (327 ^L, 3.2 mmol, 32 eq.), TEA (558 ^L, 4 
mmol, 40 eq.) were added to provide a solution that was 0.2 M, 0.8 M and J .0 M in the 
reagents, respectively (see, for a general reference to SnGj/thiophenol reagent, K. 
Brakeman et al. Chcm. Eur. J. 1999, i, 2241 -2252). The mixture was shaken for 3h. The 
Tcsin was washed with DMF x 2, MeOH x 2, DMF x 2, MeOH x 2. DMF x 2 and DCM 
10 x 4. Both the colour tests (TBNS and dyed-pNOiphenylglycoiate test) gave positive 
results (absence of starting material was evaluated by TLC analysis aller cleavage of 10 
mg of resin). After the above mentioned washing cycles, the resin (d) was kept under 
inert atmosphere and used immediately for the next reaction.. 

EXAMPLE 25 

15 Eunctionalization of tbc free amino group at position 9. Solid phase synthesis of 
amide 0) having R « p.nitiiophcnyl and R' « phenyl. Compound 2,6:5,8-dianhydro- 

9-(bcnzoylamino)-4-0-bcnzyl-7^Hlidcoxy-3-0-(4*nltrobcnzoyl)-I>-glyccro-1>-guIo- 
nonitol amide (XXVTI-B-c> 
Method A 

20 Resin (d) (R = p.nitrophenyl) (50 mg, loading: 0.56 mmol/g, 0.028 mmol) was 
suspended in 2 mL of dry DMF, benzoic acid (7 mg, 2eq., 0.056 mmol), HBTU (2 1 mg, 
2 eq., 0.056 mmol) and DIPEA (20 pL, 4 cq„ 0.1 1 mmol) were added and the mixture 
was shaken at room temperature for 40 min. This coupling step was repeated twice. The 
resin was then washed with DMF (2x10 min) and ChtCh (2x10 min) and dried in 

25 vacuum overnight obtaining resin (I) (R = p.nitrophenyl; R' = phenyl). The IR spectrum 
of the resin beads showed the appearance of the C=0 stretching absorption band at 1680 
cm'', typical of secondary amides in dilute solutions. 

The amide was then cleaved treating the resin with 50% TFA in CH2CI2 (2x30 min at 
room temperature) and 15 mg of pure amide 2,6:5,8-dianhydro-9-(benzoylamino)-4-()- 
30 ben7yl-7.9-dideoxy-3-0-(4.nitrobenzoyl)-D.glycero-L-gulo-nonitol (XXVII -B-c) were 
recovered [corresponding to an almost quantitative conversion of the amine (d) into 
amide (1)]. The two diastereomeric forms of azidc (c) (after cleavage from the resin) can 
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be separated, m the case of compound (XXVII-B-c), by using a mixture of 
AcOEt/petroleuro ether (4:6) as eluant 
Method B 

A solution of benzoic acid 04 mg, 4 eq, 0.2 tnmol), DIG (43 ^L, 4 eq , 0.2 mmol). and 
5 HOBt (38 mg, 4 eq, 0.2 mmol) in 2 mL of dry DMF was stirred at room temperature for 
20 minutes. Resin (d) (R = p.nitrophenyl) (95 mg, loading 0.49mmol/g. 0.046 mmol) was 
suspended in 1 mL of diy DMF with DIPEA (96 jiL, 8 eq, 0.4 mmol). and then the 
sohition of the pre-activated caiboxylic acid was added in the reactor. The suspension was 
shaken at room temperature for 45 minutes and then the reaction mixture was filtered, 
10 washed with DMF x 2, DCM x 2, Et20 and dried in vacuum for 1 hour, obtaining resin (1) 
(R= p.nitrophenyl; R' = phenyl). 

The resin was cleaved with TFA 20% m DCM (2x20 min) and washed with THF x 2 and 
DCM x 2. After evaporation of the solvent, 18 mg of crude benzamide were obtained. 
The mixture was then purified by chromatography on silica gel (AcOEt/ hexane 9:1) 
1 5 recovering mg 4 of pure benzamide (XXVII-B-c). 
Method C 

A more drastic acylation method, by using HATU [0-(7-A7abenzotria7o]-l-yl). 
N,N,N'.N*-tetramethyluroniumhexanuorophosphate] as strong condensating agent was 
also set up. Resin (d) (R = p.nitrophenyl) (mg 150, loading 0.38 mmol/g, 0.057 mmol). 

20 was suspended in 4 mL of diy DMF/DCM 1 : 1 and HATU (mg 87, 4 eq, 0.228 mmol), 
DIPEA (78 ^L, 8 eq, 0.456 mmol) and benzoic acid (28 mg, 4 eq, 0.228 mmol) were 
added The reaction was shaken for 45 minutes, then filtered and washed with DMF x 2, 
DCM x 2, THF. The coupling reaction was repeated 4 times and after every coupling 
cycle the presence of unreacted fixsc amino groups was revealed with dycd- 

25 pN02phenylglycolate test According to this method, the amine was revealed by a 
colourimetric assay directly on few beads suspended in 100 jiL of a 0.002 M solution of 
the reagent (NF31) in MeCN (see be Clercq et al. Eur. J. Org. Chem. 1999, 2787). 
After heating at 70**C for 10 minutes in a sand-bath, the beads were rapidly washed with 
DMF, MeOH and DCM (3 Ihnes for each solvent), obtaining resin (1) (R = p.nitrophenyl; 

30 R' = phenyl). 
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The resin was then cleaved'with TFA 20% in DCM (2 x 20 min) and washed with THF 
and DCM. We recovered 25 mg of crude and, after chioniathogrEq[>hy, 11 mg of pure 
(XXVir-B-c). Yield: 34%. 

*H NMR (300 MHz, CDCh) mixture of diastereoisomers, 5 (ppm): Z06 (m, IH, Hra), 
5 2A2 (m, IH, HIT)). 3.61 (m, IH, H3'a), 3.71 (m, IH, H3*b), 3.6M.18 (m, 4H), 4.40 (bd, 
IH, H2'). 4.61 Qds, 1H, HI), 4.73 (bs,2H, PhCHj), 5.15 (bs, IH, H4). 7.08 (s. IH, NH 
amideX 7.32 (m, 8H, PhH), 7.61 (AB system, 2H, H benzoic), 8.02 (AB system, 4H, H 
PNB-cstcr). 

EXAMPLE 26 

10 Preparation of caprylylamide. 2,6:5,8-dianhydro-4-0-bcn2yl-7^-dideoxy-3-0-(4- 
nitrobcnzoyO-Hoc1anoylamino)-]>-gtyccrD-L-guto-nonitol (XXVII-B-d). 
Method A. A solution of caprylic acid (44 ^L, 4 eq, 0.2 mmpl), DIC (43 nU 4 eq, 0.2 
mmo!) and HOBl (38 mg, 4 eq, 0.2 mmol) in dry DMF was stirred for 20 minutes and 
added to the suspension of resin (d) (R = p.nitrophenyl) (100 mg, loading 0.49 mmol/g, 

15 0.049mmol), DIPEA (96 pL, 8 eq, 0.4 mmol) in 1 njL of diy DMF. The suspension was 
shaken for 45 minutes, then filtered and washed with DMF x 2, DOI x 2, EtiO and dried 
in vacuo for 1 hr to get resin (I) (R = p.nitrophenyl; R' = n.heptyl). stored overnight at - 

The resin was and then cleaved with TFA 20% in DCM (2 x 20 min) and washed whh 
20 THF X 2 and DCM x 2. The cleavage afforded 34 mg of crude product that, after sil ica gel 
chromatography (AcOEt-hexane 9:1), gave 4 mg of pure amide (XXVII-B-d) with 15 % 
yield. 
Method B 

Resin (d) (R = p.nitrophenyl) (mg 150, loading 0.38 mmol/g, 0.057 mmol) was 
25 suspended in 4 mL of a mixture of DMF/DCM dry 1 :2 and HATU (mg 87 , 4 eq, 0.228 
mmol), DIPFjV (78 \iL, 8 eq. 0.456 mmol) and caprylic acid (36 ^iL, 4 eq, 0.228 mmol) 
were added. The reaction was shaken for 45 minutes and then filtered and washed exactly 
as in method C of example 25. In the same way and by using dyed-pNOiphenylglycolatc 
test, we still found the presence of unreaaed amino groups after the fourth coupling cycle, 
30 and we thus proceeded with the fifth one until the test was negative, to obtain resin (I) (R 
= p.nitrophenyl; R* = n.hcptyl). 
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The resin was cleaved with TFA 20% in DCM (2x20 min) and washed with THF and 
DCM. We recovered 28 mg of crude and, after chromatography, 9 mg of pure amide 
(XXVlI-B-d). Yield: 27%. 

'H NMR (200 MHz, CDCI3) mixture of diastereoisomers, 6 (ppm): 0.89 (m3H,-CHj), 
1.40-1.95 (m, lOH, H), 2.05 (m, 2H,CH2-CO), 2.14 (m,]H,HI 'a). 2.33 (m,lHJ^rb), 3.53 
(m,2H, H3'), 3.68^39 (m, SIT), 4.61 (m. IH, HIX 4,75 (bs.2H, CHrPh), 5.25 (q,lH, H4), 
5. 19 and 6.08 (mj H, NH of the two diastX 7.49 and 7.68 (m. 5H), 8.22 (AB system, 4 H). 

EXAMPLE 27 

Representative procedure for the acylation of the free NH2 at position 9 with other 
carboxytic acids. Preparation of 2,6:5,8-dianhydro-4-0-bcnzyl-7,9-didcoxy-30-(l- 
naphthylacctyl)-9-[(3-phcnylpropanoyl)amino]-I>-glyccro-I^ulo-nonitol (XXVII- 
B-a) andof 2,6:5,8-diaahydro-4-0-l>cnzyl-7,9-didcoxy-9-[(3^imcthoxybcnzoyl)- 
amino)-3-(>-(l-naphthylacctyi)-D-^lyccro-L-gulo-nonitol (XXVII-B-b). 
This procedure is essentially similar to the described in method C of example 25, but 
may use fewer cycles with longer reaction times. 

A 4 mL DMF/DCM (1:1 ratio) solution of acid R'COOH (e.g. R' = 3,5-(OMe)2C6H3-, 
or R* = PhCHiCHj-) (0.500 mmol, 5 eq.). HATU (190 mg, 0.500 mmol. 5 eq.) and 
DIPEA (171 jiL, 1.00 mmol, 10 eq.) was added to resin (d) (e.g. with R = 1-naphtyl- 
CH2O (250 mg, 0.4 mmol/g, 0. 1 mmol, 1 eq.). Subsequently, the resulting sluny was 
shaken for 3 days, the solution was drained, and the resin was washed with DCM x 2, 
DMF X 2 and DCM x 3. The dyed-pNOiphenylglycoIate test gave a pale red staining 
(about 2-5% free amines). A second cycle with the same quantities was performed for 
48 hours, then the solution was drained and the resin washed with DCM x 2, DMF x 2, 
DCM X 2, DMF x 2 and DCM x 3 and dried in vacuo overnight (TNBS test and the 
dycd-pNOaphenylglycolate test were negative after the second cycle) to obtain a resin 
type (g). The resin was cleaved with 20% TFA in CH2CI2 (2 times x 2.5 mL, 20 min). 
and crude compounds (XXVlI-B-a) (52 mg) and (XXVII-B-b) (44 mg) were recovered 
after evaporation. They were analyzed by TLC and 'H NMR, and then purified by flash- 
chromatography, Ihus yielding 21 mg oF(XXVII-B-a) and 14 mg of (XXVU-B-b). 
(XXVII-B-a) - *H NMR (200 MHz, CDCb). 5 (ppm): 1.67 (m. IH, HCH V); 2.16 (m, 
IH. HCH I '); 2.36 (m. 2H, PhCfiiCHr); 2.92 (m. 2H, PhCHjCa-); 3.35 (m, 2H, H3'); 
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3.55-3.8 (m, 5H, H6+H5+H3+H2); 4.05 (m, 3H, H2'+ A1CH2COO-); 4.45 (m, IH. HI); 
4.56 (m. 2H, PhCHaO-); 4.96 (dd, IH, H4 J,= 5.1 Hz }^ 52 Hz); 5.95 (m. IH, 
-CONH-); 7.1-7.5 and 7.7-7.95 (in. 17H, Ar ). 

(XXVII-B-b) - *H NMR (200 NfHz, CDCI3). 5 (ppm): 2.03 (m, IH. HCH I y, 2.35 (in. 
5 1 H, HCH 1 '); 3.37 (m, 2H. H3'); 3.58-3.88 (m, 1 IH, H64-H5+H3+H2-K:H30Ar); 4.05 
(m, 2H. A1CH2COO-); 4.28 (m, IH, H2*); 4.55 (m, IH, HI); 4.61 (d, 2H, PhqHiO- J= 
2.75 Hz); 5.0 (m, IH, H4); 5.9 (m, IH, -CONH-); 7.1-7.5 and 7.7-7.95 (m, 17H, Ar-). 

EXAMPLE 28 

. Azide reduction of the carbamoylderivativc and acylation of the amino group on 
10 solid phase. Preparation of 2,6:5,8-dianhydro-4-0-benzyK.3-0- 
[(butylamioo)cart)onyl]-7,9-didcoxy-9^|(3-phcnylpropanoyl)aniinol-D-glycero-L- 
gulo-nonitol (XXVn-B-c). 

Following method B of example 24, the carbamoylderivative resin-linked type (f) (e.g. 
wilh R" - n.butyl) was functionalized also in the 3' position through (SnCh^hSHyTHA) 
15 reduction of the azide to amine. The resulting free amino group was acylated (e.g. with 
phenylpropionic acid) by working according to the procedure of example 27, to give the 
resin type (h) (with R" = n.butyl, R' = 2-phcnylethyl). 

The resin was cleaved with 20% TFA in CH2CI2 (2 timesx 2 mL, 20 min), and 
compotmd (XXVII-B-e) was recovered after evaporation (50 mg). The crude compound 

20 was analyzed by TLC and *H NMR, and purified by flash-chromatography. 25 mg of 
pure (XXVII-B-e) were obtained; yield for the five steps: 55%. 
'H NMR (200 MHz, CDCh), 5 ft>pm): 0,92 (1, 3H. CH3CH2 J= 7 Hz); 1.25-l.5i5 (m, 4H, 
CH3CH2CH2CH2); 1.75 (ddd. IH, HCH r J,= 2.5 Hz J2= 5.7 Hz h= 8.26 Hz); 2.25 
(m, IH, HCH r); 2.5 (m, 2H, PhCHiCHiCO-); 2.95 (m, 2H, PhCibCH^CO-); 3.l8(m. 

25 2H, -CH2CH2OCO-); 3.44 (m, 2H, H3*); 3.65-3.86 (m, 4H, H6+H5+H3); 3.97 (m, IH. 
H2); 4.13 (m, IH, H2*); 4.51 (m, IH, HI); 4.72 (s, 2H, PhCHaO-); 4.84 (dd. IH, H4 J,= 
5 Hz J2- 5.5 Hz); 4.92 (bt. IH. -CH2NHCOO- J= 5.6 Hz); 6.14 (m. IH, - 
CH2NHCOCH2-); 7.15-7.4 (m, lOH, At-). 

EXAIVtPLE29 

30 Representative procedure for the sulfonylation of the free NH2 at position 9. 
Preparation of 2,6:5,8-dlanhydro-4-0-bcnzyl-7^-didcoxy-9-l|(4-mcthylphcnyl)- 
sulfonyl]amino}-3-0-(3-phcnylpropanoyl)-p-glyccro-L-gu)o-nonitoi (XXVI l-B-g). 
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200 mg of resin (d) (R = 2-phenylethyl) (0.4 mmol/g, 0.080 mmo!) were suspended 
under inert atmosphere in dry DCM (2 mL) and DMAP (196 mg, 1.60 mmol. 20 cq.), 
tosyl chloride (1 53 mg, 0.80 mmol, 10 eq.) were added. After the resulting nUxture was 
shaken for 5h, the solution was removed and the resin was washed with DCM x 2, DMF 
5 x2andlX;Mx3. After the fim cycle, the ThraS test gave a pale red staining. A second 
cycle was performed overnight, then tfie resin was washed with DCM x 2, t>MF x 2 
DCM X 2, DMF x 2 and DCM x 3 and dried in vacuo overnight test was 

negative after the second cycle) ^ing a resin type (m). 

The resin was cleaved with 20% TFA in CH2CI2 (2 timcsx 2.0 ml, 20 min), and 
10 compound (XXVTI-B-g) was recovered after evaporation (40 mg). The crude compound 
was analyzed by TLC and 'H NMR, and then purified by flash-chromatography. 6 mg 
of pure (XXVll-B'g) were thus obtained. 

'H^fMR(200MHz.CDa3),5(ppm): 1.7 (m. IH.HCH r);2.l7(m. IH.HCH T); 2.4 
(s, 3H, CHsPhSOzNH-); 2.68 (m. 2H, PhCHzCHr); 2.95 (m, 2H. PhCHiCHi ); 3.25 (m, 
15 2H, H3'); 3.55-3.7 (m, 5H, H6+H5+H3+H2); 4.05 (m, IH, H2'); 4.5 (m, IH, HI); 4.68 
(m, 2H, PhCHiO-); 4.95 (dd, IH, H4 J,= 5.5 Hz J2= 5.4 Hz); 5,07 (m, IH, -SO2NH.); 
7. 1 5-7.38 (m, 1 2H, Ar-); 7.7 (d, 2H, o-SOjAr J= 9.2 Hz). 

EXAMPLE 30 

Representative procedure for the formation of urcido moiety at position 9. 

20 Preparation of 2,6:5,8-dianhydro-9-[(anilinocarbonyl)aminoJ-4-0-bcnzyl-7,9- 
didcoxy-3-0-(3-phcnylpropanoyl)-D-glyccro-l>-gulo-oonitol (XXVll-jC-a). and of 
2,6:5,8-dianhydro-9-((anilinocarbonyI)amino)^0-bcn2yl-7,9-didcoxy-3-0- 
octanoyl-D-glyccro-L-gulo-nonitol (XXVII-C-b). j 
200 mg of resin (d) (R = 2-phenylethyl or R = n.hcptyl) (0.40 mmol/gl 0.080 mmol) 

25 were suspended under inert atmosphere in dry DCM (2 mL) and TEA (11 \iL, 0.080 
mmol, 1 eq.) and phenyl isocyanate (87 pL, 0.80 mmol. 10 eq.) were added. After the 
resulting mixture was shaken for 5h, the solution was removed by suction and the resin 
was washed with DCM x 2, DMF x 2 and DCM x 3. After the first cycle the TNBS test 
was negative, while the dyed-pN02phenylglycolate test, mentioned in the text, gave a 

30 pale red staining. A second cycle with the same quantities was perfonned overnight and 
the resin was washed with DCM x 2, DMF x 2 IX:M x 2, DMF x 2 and DCM x 3 and 
dried in vacuo overnight. ) to get a resin type (n). 
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The resin was cleaved with 20% TFA in CH2CI2 (2 timesx 2.0 mL, 20 minX and 
compounds (XXVTT-C-a) (40 mg) and (XXVn-C-b) (32 mg) were recovered after 
evaporation. The crude compounds were analysed by TLC and NMR, and then 
purified by flash-chromatography obtaining 10 mg of (XXVII-C-a) and 16 mg of 
5 (XXVn-C-b). 

(XXVII-C-a) - *H NMR (200 MHz, CDCI3), 6 (ppm): 1.85 (m, IH, HCH V); 2.24 (m, 
IH, HCH r); 2.60 (m, 2H, PhCH2CH2-); 2.91 (m, 2H, PhCHjCHi-); 3.37-3.65 (m, 5H, 
H64-H5+H3'); 3.72 (m, IH, H3); 3.85 (t. IH, H2 J- 4 Hz); 4.12 (m. IH, H2*); 4.54 (m, 
IH, HI); 4.68 (m. 2H, PhCfbO-); 4.91 (dd. IH. H4 Ji= 6 Hz J2= 5.9 Hz); 5.35 (bt, IH, - 
10 CH2NHCO-); 6.68 (s, IH, -CONHPh); 7.1-7.4 (m, 15H, Ph-). Mass spectrum m/z 
(FAB*) 561 (M*+l). 

(XXVII^-b) - *H NMR (200 MHz. CDCI3). 6 (ppm): 0.85 (pi, 3H, CH3- Ji= 6.7 Hz 
Jf=6 Hz); 1.27 (bs, 8H. CHjCHaCafcCHaCHg-); 16 (m. 2H. - CHjCHjCO-); 1.90 
(m,lH, HCH 1'); 2.2-2.4 (m, 3H, HCH T + - CHjCH^CO-); 3.48 (m, 2H, H3*); 3.6- 
15 3.81 (m,4H,H6+H5+H3);3.86(m, 1 H. H2); 4. 1 6 (m, IH, H2*); 4.54 (m, IH.Hl); 
4.7 (s, 2H, PhCHzO-); 4.92 (t. IH, H4 J= 5.9 Hz); 5.38 (bt, IH, -CH2NHCO-); 6.69 (s. 
IH, -CONHPh); 7.25-7.4 (m. lOH, Ph-). 

By working in an analogous way and by starting from 100 mg of resin (d) (R = 
p.nitrophenyl), the recovered crude product (25 mg) was chiomatographed on silica get 
20 (AcOEt/hexane 9:1) affording 4 mg (yield= 15%) of the pure ureidoderivative, 2,6:5,8- 
dianhydro-9-[(anilinocaTbonyl)amino]-4-0-benzyl-7,9-dideoxy-3-0-(4-nitrobenzoyl)- 
D-glycero-L-gulo-nonitol (XXVII-C-c). 

'H NMR (200 MHz, CDCI3) mature of diastereoisomcrs, 5 (ppm): 2.30 (m. 2H, H-P), 
3.21-4.30 (m. 8H), 4.61 (m, IH, H-1), 4.71 (bs, 2H, CHzPh), 5.19 (m, IH, H-4), 6.35 (IH, 
25 NH). 6.75 (IH.NH). 7.3 (m, lOH. PhH), 8,2 (m, 4H, pN02PhH). 

EXAMPLE 31 

Representative procedure for thiourea formation at position 9. Preparation of 
2,6:5,8-dianhydro-9-[(anilinocarbonothioyl)amino]-4-0-bcnzyl-7,9-didcoxy-3-(H3- 
phcnylpropaooyl)-]>-glyccro-L-gulo-nonitol (XXVII-C-d) 

30 120 mg of resin (d) (R = 2-phcnylethyl) (0.28 mmol/g, 0.034 mmol) were suspended 
under inert atmosphere in dry DCM (2 mL), TEA (5 pL, 0.034 mmol, I eq.) and phenyl 
isothiocyanate (41 pL, 0.340 mmol, 10 eq.) were added. The resulting mixture was then 
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shaken overnight; the solution removed by suction and the resin washed with DCM (2 x 
2 mL). DMF (2 x 2 mLX DCM (2x2 mL), DMF (2x2 mL) and l)CM (4x2 mL). 
After the lirst cycle the TNBS test was negative, while Ihe dyed-pNOiphenylglycolate 
test gave a pale red staining. A second cycle with the same quantities was performed 
5 overnight and the resin was washed with with DCM (2x2 mL), DMF (2x2 mL), DCM 
(2x2 mL), DMF (2x2 mL) and DCM (4x2 mL) obtaining a resin type (o). 
The resin was cleaved with 20% TFA in CH2CI2 (2 times x 2.0 mL, 20 min), and 
compound (XXVII-C-d) was recovered after evaporation (13 mg). The crude compound 
was analyzed by TLC and 'H NMR, and then puiiiied by flash-chromatography. 5 mg 

10 of pure compound (XXVlI-C-d) were obtained; yield for the four steps: 21%. 

'H NMR (200 MHz, CDCb), 5(ppm): 1.84 (m, IH, HCH V); 2.3 (m, IH, HCH V); 
2.55 (m, 2H, PhCH2CH2-); 2.92 (m. '2H, PhCHjCfb-); 3.4-3.9 (m, 6H, 
H6+H5+H3+H3'); 3.96 (m, IH, H2); 4.25 (m, IH, H2'); 4.47 (m, IH, HI); 4.54 (d, IH, 
PhHCHO- J= 11.9 Hz); 4.64 (d, IH, PhHCHO- J= 11.9 Hz); 4.82 (dd, IH, H4 J,= 6,3 

15 Hz J2= 6.2 Hz); 6.8 (bt, IH, -CH2NHCS-); 7.12-7.38 (m. 15H. Ar-); 7.6 (s, IH, - 
CSNHPh). 

EXAMPLE 32 

Representative procedure for the reductive alkylation of the free amino group at 
position 9. 

20 200 mg of resin (d) (R ^ 2-phenylethyl) (0.42 mmol/g, 0.084 mmol) were suspended 
under inert atmosphere in trimethyl oithoformate (TMOF) (2.5 mL) and the aldehyde 
(benzaldehyde or p.methoxybenzaldehyde) (1.68 mmol, 20 eq.) was added. After the 
resulting mixture was shaken overnight at room temperature, the solution was removed 
by suction and the resin was washed with TMOF (2x4 mL). After the first cycle the 

25 TNBS test was positive. Therefore a second cycle with the same quantities was 
performed for 3 h and the resin was washed with TMOF (2x4 mL). The resin was 
suspended in TMOF (2.5 mL) and AcOH (25 pL, 1% in TMOF) and NaCNBHj (106 
mg, 1.68 mmol, 20 eq.) were added. The suspension was shaken for 3 h at room 
temperature, then the solution was drained and the resin was washed with DMF (2x3 

30 mL), McOH (2x3 mL), 10%TEA/DCM (1x4 mL), McOH (2x3 mL), DCM (2x3 
mL). MeOH (2x3 mL) and DCM (2x3 mL). After the above mentioned washing 
cycles, the resin type (p) (R = 2-phenylethyl, R' = phenyl or p.mcthoxyphenyI) was kept 
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under inert atmosphere and used immediately for the HinctionaliTation of the secondaiy 
amine. 

EXAMPLE 33 

Procedure for the urea formation of the secondary amino group at position 9. 
5 Preparation of 2/S:5,8-dianhydro-9-[(anilinocarbonylXbcnzyl)amino]-4-0-bcnzyl- 
7,9-dideozy-3-0-(3-phcnylpropanoyl)-I>-glyccro-Lrgulo-nonitoipCXVII-C-€). 
120 mg of resin (p) (R = 2-phenylethyl, R* = phenyl) (0.28 mmol/g» 0.034 mmol) were 
suspended under inert atmosphere in dry DCM (2 mL) and TEA (5 0.034 mmol, 1 
eq.) and phenyl isocyanate (37 ^L, 0.34 mmol, 10 eq.) were added. After the resulting 

10 mixture was shaken overnight, the solution was removed by suction and the resin was 
washed with DCM x 2, DMF x 2 and DCM x 3. After the first cycle the dyed- 
pN02phenyIg]ycolate test gave a pale red staining. A second cycle with the same 
quantities was performed overnight and the resin was washed with DCM (2x2 mL), 
DMF (2x2 mL) DCM (2x2 mL), DMF (2x2 mL) and DCM (3x2 mL) and dried in 

1 5 vacuo overnight, to^ obtain a resin type (r). 

The resin was cleaved with 20% TFA in CH2CI2 (2 times x 2.0 mL, 20 min), filtering 
and solvent evaporation afforded 30 mg of crude product. The cnide compound was 
analyzed by TLC and 'H NMR, and then purified by llash-chromatography. 
7 mg of pure (XXVTt-C-e) were obtained; yield for the six steps: 38%. 

20 'H NMR (200 MHz, CDCI3), 6(ppm): 1.85 (m. IH. HCH T); 2.27 (m, IH, HCH T); 
2.45 (m, 2H, PhCHiCHj-); 2.82 (m. 2H, PhCH2CH2-); 3.48-3.74 (m, 5H. H6+H5+H3 *); 
3.87 (m, IH. H3); 3.92 (m, IH, H2); 4.06 (m. IH. H2'); 4.57-4.75 (m. 5H, 
Hl+PhCH20+ PhCHzN); 5.0 (dd, IH, H4 J,=« 6 Hz Ji^ 5.9 Hz); 6.95-7.4 (m. 20H, Ar-); 
7.7(s, lH,-CONIJPh). 

25 EXAMPLE 34 

Procedure for the acylation of the secondary amino group at position 9. 
Preparation of 2^:5y8-dianhydro-4-0-bcnzyl-9-Ibcnzyl(octanoyl)amlno]-7,9- 
didcoxy-3-0-(3*phcnylpropanoyl)-D-glyccro-L-gu!o-aonitol (XXVTT-B-0 and of 
2,6:5,8-dianhydro-4-Obcnzyl-9-(bcnzyl(l-oBphthylacctyl)aralno]-7»9-dtdcoxy-3-0- 

30 (3-phcnylpropanoyi)-D-glycero-L*guio>nonitol (XXVII-B-h). 
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A 3 mL DMF/DCM (1:1 ratio) solution of carboxylic acid (eg. caprylic acid or napht- 
1-ylacetic acid) (0.270 mmol, 5 eq.), HATU (103 mg, 0.270 mmol, 5 eq.) and DIPEA 
(93 |iL, 0.540 mmol, 1 0 eq.) was added to resin (p) ) (R 2-phenylethy], R' = phenyl or 
p.methoxypheny1) (194 mg, 0.28 mmol/g, 0.054 mmol, 1 eq.). Subsequently, the 
5 resulting sluny was shaken for ! day, the solution was drained, and the resin was 
washed with DCM x 2, DMF x 2 and DCM x 3. The dyed-pNOzphenylglycolate test 
gave a pale red staining. (c& 2-5% free amines). A second cycle with the same 
. quantities was performed overnight, then the solution was drained and the resin washed 
with DCM (2 X 3 mL), D\fF (2x3 mL) DCM (2x3 mL), DMF (2x3 mL) and DCM 
10 (3x3 mL) and dried in vacuo overnight (the dycd-pN02phenylglycolate test was 
negative after the second cycle), to get a resin type (q). 

The resin was cleaved with 20% TFA in CH2CI2 (2 times x 2.5 mL, 20 min), and crude 
compounds (XXVII-B-f) (32 mg) and (XXVII-B-h) (63 mg) were recovered after 
evaporation. The crude compounds were analyzed by TLC and NMR, and then 
1 S purified by flash-chromatography. 

8 mg of (XXVII-B-0 were obtained; yield over the six steps: 23%. 12 mg of (XXVII-B- 
h) were obtained; yield over the six steps: 20%. 

(XXVII-B-0 - 'H NMR (200 MHz, CDCI3). 6(ppm): 0.88 (m, 3H. -CH2CH3); 1.21.45 
(m, lOH, -COCH2(CH2)5CH3) 1.6-1.8 (m, 3H, HCH r+-NHCCX:H2-); 2.3 (m, IH, 

20 HCH r); 2.62 (m. 2H, PhCHiCHa-); 2.92 (m, 2H, PhCHiCHz-); 3.5-3.94 (m. 7H, 
H6+H5+H3+H2+H3'); 4.18 (m, IH, H2'); 4,58 (m, IH, HI); 4.64-4.82 (m, 4H. 
PhCHjCH PhCHzN); 4.96 (dd, IH, H4 J,= 7,5 Hz h= 7.3 Hz); 7.08-7.4 (m. I5H. Ar-). 
(XXVII-B-h) - 'H NMR (200 MHz, CDCbj, 8 (ppm): 1.8 (m, IH, HCH V); 2.28 (m, 
IH, HCH 1 *); 2.6 (m, 2H, PhCibCHj-); 2.94 (m, 2H, PhCHjCHa-); 3.5 (m, 2H, H3'); 

25 3.7-4.0 (m, 9H, H6+H5+H3+-OMe^-NCOCH2Ar); 4.12 (m. IH. H2); 4.26 (m, IH. 

H2');4.52-4.78 (m. 4H, PhCH2CHp-MeOPhCH2N+Hl); 4.97 (m, IH, H4); 6.8-7.02 (m, 
4H, p-MeOPhCHzN-); 7.12-7.5 (m, 8H, PhCHzO+Naphtyl); 7.8 (m.3H, Naphtyl). Mass 
spectnmi (FAB*) 730 (M*+l). 

Example 35 

30 By using anyone of the procedures above described in the previous examples with the 
proper intermediate derivatives, several other compounds have been prepared as per the 
following list, comprehensive of analytical data. 
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(XXVn-B-0 2.6:5,8-dianhydro-4.(>benzyl-7.9-<lideoxy-9-{isobutyiylamino)-3-^ 

propionyl-D'glycero-L-gulo-nonitol 

MS:[M+fI]*=436. 

(XXVII-B-J) 2,6:S,8-dianhydro-4<>-ben7y1-3-0<cyclopropylcarbony1)-7,9-dideoxy- 
5 9-(tsobutyiy laTnino)-I>-glyccro-L-gulo-iioni tol 
MS:[M+H]*=448. 

*H-NMR (DMS0-d6), diagnostic signals, 5 (ppm): 0,82 (m, 4H), 0,97 (m, 4H), 1,59 (m, 
IH). 1,65 (m, IH), 2.1 1 (m. IH), 2^6 (m. IH), 3,05^.00 (bm, 8H). 4,50 (m, IH), 4,60 
(d. IH. J=12). 4.69 (d. IH. J=12). 4.85 (bs. IH), 4,86 (m, IH), 7.2-7,35 (m, 5H), 7.67 
10 (bt, IH). 

(XXVII-B-k) 2,6:5,8-dianhydro-4-0-benzyl-7,9-dideoxy-9-(isobutyTylainino)-3-0- 

(pyridin-3-ylcarbonyl)-D-glycero-L-gulo-nonitol 

MS:[M+H]*=485. 

'H-NMR (DMSO-d6), diagnostic signals, 5 (ppm): 0.96 (m, 6H), 1,72 (m, IH), 2,17 (m, 
15 III), 234 (m. IH), 3,2-4,0 (m, 8H), 4,57 (m, IH), 4,61(d, IH), 4,69 (d, IH), 4,81 (bm, 
IH), 5,15 (m, IH), 7,16 (m, 5H), 7,56 (m, IH), 7,69 (bm, IH), 8,24 (m, IH), 8,80 (m, 
lH).9,06(s,IH). 

(XXVII-B-Q 2.6:5,8-dianhyd«>-4-0-benzyl-7,9-dideoxy-3-0-(4-nuorobenzoyl)-9- 
(isobutyiylamino)-D-glyccro-L-gulo-nonitol 
20 MS: [M+H]*=502. 

'H-NMR (DMSO-d^), diagnostic signals, 6 (ppm): 0,96 (m. 6H), 1 ,60 (m, I H), 1 ,7 1 (m, 
IH), 2.17 (m. IH), 2,33 (m, IH), 3,0^,0 (bm, 8H). 4,55 (m. IH). 4,60 (d, IH). 4.70 (d, 
IH), 4,80 (bs, IH), 5,1 1 (m. IH), 7,1-7,2 (m, 5H), 7,34 (1. 2H), 7,67 (bt, IH), 8,00 (m, 
2H). 

25 (XXVII-B-m)2,6:5,8-dianhydro-4-0-ben7yl-7,9-dideoxy-9-(isobutyTylamino)-3-0- 
(thien-2<y1carbony))*D-glycero-L-gulo-nonitol 
MS:[M+H]*=490. 

'H-NMR (DMS0-d6), diagnostic signals, 5 (ppm): 0,97 (t, 6H, J=6.8), 1,72 (m, IH), 
2,15 (m, IH), 2,34 (m, IH), 3,15AO0 (m. 8H), 4,56 (m, IH), 4,60 (d, 1H).4,69 (d, IH), 
30 4,81 (bm. IH), 5,06 (t, IH, J=7.8), 7.2 (m, 6H), 7.66 (bt, IH). 7.79 (m. IH). 7,96 (m, 
IH). 
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(XXYII-B-n) 2.6:5,8-dianhydro-4-0-benzyl-7,9Hii<leoxy-9-[(inctho5cyacetyl)ainino]-3- 

0-(thien-2-yIcaibonyl)-D-glycero-L-gulo-noiiitol 

MS:IM+H]*=492. 

'h-NMR (DMSO-(l6), diagnostic signals, 5 (ppm): 1,72 (m, IH), 2,20 (m, IH). 3.15- 
5 4,00 (m. 1 IH). 4,51 (ra. IH), 4,63(d, IH), 4,67 (d, IH), 4,81 (bm, IH). 5,06 (t, IH, 
J=6.7). 7,22 (m, 6H), 7.67 (bt, IH), 7.78 (m, IH), 7,95 (m, IH). 
(XXVU-B-o) 2,6:5,8-dianhydro-4-0-benzyl^7,9-dideoxy-9-[(niethoxyacetyl)aniinol-3- 
0-(pyridin-3-yIcarbony1)-D-glycero-L-giilo-nonitol 
MS:[M+H]*=487. 

10 *H-NMR (DMSO-d6). diagnostic signals, 5 (ppm): 1 ,72 (m, IH), 2,23 (m, IH), 3,4-4,0 

(m, lOH), 4.51 (m. IH), 4,64(d, IH). 4,67 (d, IH), 5.14 (m, IH), 7,20 (m, 5H), 7,55 (m, 

IH), 7.68 (bm, IH). 8.23 (m, IH), 8,81 (m, IH), 9,06 (s, IH). 

(XXVII-B-p) 2,6:5,8-dianhydro-4-0-benzyl-3-0-(cyclopTopylcaibonyl)-7,9-dtdeoxy- 

9*[(methoxyacetyl)an)ino]-I>-glycero-L-gulo-nonitol 
15 MS: [M+H]*=450. 

'H-NfMR (DMSO-d^), diagnostic signals, 5 (ppm): 0,87 (m, 4H), 1,59 (ra, IH), 2,17 (m, 

IH). 236 (m, IH). 3.05-3.8 (bm, 9H). 4,01 (m, Ifl), 4,46 (m. IH). 4.60 (d, IH), 4.69 (d, 

IH), 4,76 (bs, IH), 4,86 (m, IH), 7,2-7,4 (m. 5H). 7,66 (bt, IH). 

(XXVII-B-q) 2,6:5,8-dianhydro-4-Obenzyl-7,9-didcoxy-9-( N.N- 
20 dimethylglycylamino)-3-0-(pyridin-3-ylcaiix)nyl)-D-glycero-L-guto-nonitol 

MS: [M+H]*=500. 

'H-NMR (DMSO-d6), diagnostic signals, 6 (ppm): 1,72 (m. IH), 2,23 (m, IH), 2,48 (m, 
6H), 33-4,0 (m, lOH). 4.57 (m. IH), 4,6l(d. IH), 4,69 (d. IH). 4,81 (bm. IH), 5,17 (m, 
IH), 7,18 (m, 5H), 7,57 (m, IH), 8,24 (m. IH). 8,81 (m. IH), 9,07 (s. IH). 
25 (XXVII-B-r) 2.6:5,8-dianhydro-4-0-bCTzyl-7,9-dideoxy-9-{N.N- 

dimcthylg1ycylamino)-3-0-(thien-2-ylcaibonyI)-D-glycero-L-gu]o-nonitol 
MS:[M+H]*=505. 

'H-N?^ (DMSO-d6). diagnostic signals. 5 (ppm): 1.71 (m, IH), 2.20 (m, IH), 2,52 (s. 
6H), 3,15-4,00 (m, 8fl). 4,56 (m. IH), 4,60 (d, I H), 4,68 (d, IH), 4,82 (bt, IH), 5.08 (t, 
30 IH, J=7.7), 7,2 (m, 6H), 7,79 (m, IH), 7,95 (m, IH). 

(XXVII -B-s) 2,6:5,8-dianhydro-4-0-bcnzyl-7.9-didcoxy-9-(N,N- 
dimethylglycylamino)-3-CM-(4-fluoroben7x>yl)-D-g1ycero-L-gu]o-nonitol 
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MS:[M+H]*=517. 

(XXVII-C-O 2,6:5,8-dianhydro-4-0-benzyJ-7,9-dideoxy-3-C)-(4-nuorobenzoyl)-9- 

{[(isopropylamino)caTbony]]amino}-I>-gly(x:ro-Irgulo-nonitoI 

MS:[M+K|*«517. 

5 'H-NMR (DMSO-d6), diagnostic signals, 5 (ppm): 1 ,00 (d, 6H, J=8.3), 1 ,73 (ra, 1 H), 
2,16 (m, IH), 3,62 (m, 3H). 3,82 (m. 4H), 4,54 (m. IH), 4,60 (d, IH), 4,69 (d, IH), 4,79 
(bm. IH), 5,10 (m, IH), 5,76 (ra, 2H), 7,18 (m, 5H). 7,34 (m, 2H), 7,99 (m, 2H). 
(XXVII-C-g) 2,6:5,8-dianhydro-4-0-benzyl-7,9-dideoxy-9-{[(isopropylamino)-' 
carbonyl]amino}-3-0-propionyl-D-glycero-L-guIo-nonitol 
10. MS:rM+Hl*=451 

(XXVlI-C-h) 2,6:5,8-dianhydro-4-0-benzyl-7,9-dideoxy-9. 

{[(isopropylamino)carbonyl]ainino}-3-0-(pyridin-3-ylcaibonyl)-D-giycero-L-gulo- 

nonitol 

MS:[M+H]*=500 ' 

1 5 (XXVTI-C-i) 2,6:5,8-dianhydro-4-0-benzyl-3-0-(cyclopropylcaibonyl)-7.9-dideoxy- 
9- {[(isopropylaniino)carbonyl]amino}-D-glycero-L-gulo*nonitol 
MS:[M+H]*=464. 

^H-NMR (DMSO-de). diagnostic signals, 5 (ppm): 0,82 (m, 4H), IjO (m, 6H), 1,59 (m, 
2H), 2,10 (m, IH), 3,1-3,8 (m, 9H), 4,52 (m, IH), 4,60 (d, IH), 4,69 (d, IH). 4,75 (bs, 
20 IH), 4,85 (m, IH), 5,70 (bl, IH), 5,57 (bm, IH), 7.28 (m, 5H). 

(XXVII-C-j) 2,6:5,8-dianhydro-4-0-bcnzyl-7,9-dideoxy-9- {[(isopropylamino)- 

carbonyl]amino}-3-0-(thien-2-ylcaibonyl)-D-glycero-L-gulo-nonitol 

MS:[M+H]*=505. 

'H-NMR (DMSO-d6). diagnostic signals, 5 (ppm): l.OO (d, 6H, J=6.5), 1,68 (m, HO. 
25 2,14 (m, IH). 3,29 (m, 2H), 3,6 (m, 3H), 3,84 (m. 4H), 4,58 (m. IH), 4,62(d, IH). 4,70 
(d, IH), 4,80 (bm, IH), 5.05 (t, IH, J=7.2). 5,75 (m. 2H), 7,19 (m, 6H), 7,79 (m, IH), 
7,95 (m, IH). 

(XXVII-C-I) 2,6:5,8-dianhydro-4-0-benzyl-7,9-dideoxy-3-0-(4-nuorobenzoyl)-9- 
( { [(3-f1uoropheny1)amino]carbonyl } amino)*D-glycero-L"gulo-nonitol 
30 MS:[M+H]''=569. 

(XXVII-C-in)2,6:5,8-dianhydro-4-0-benzyl-7,9-didcoxy.9-({[(3- 
fluorophenyl)amino]carbonyl } amino)-3-0-propionyI-D-glycero-L-gulo-nonitol 
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MS:(M+H]*=503. 

'H.NMK (DMSO-deX diagnostic signals, 5 (ppm): 0.97 (t, 3H, J=5.5), 1,70 (m, IH). 
2,26 (m, IH), 3.15^.00 (m. 8H), 4,56 (m, IH), 4,60 (d. IH), 4,69 (d. IH), 4,79 (bm. 
IH). 4.86 (t, IH, J=7,0), 6,30 (bt. IH), 6.67 (m, IH), 7.0-7.4 (m, 7H), 7,42 (m. IH). 8.82 
5 (bs, IH). 

(XXVn-C-n) 2,6:5,8-dianhydr<M-0-benzyI-7,9-dideoxy-9-({[(3-fluorophenyl)- 
aniino]carbonyl}ainino)-3-0-(pyridinO-ylcart)onyi)-D-gly^ 

MS: [M+H]^«552. 

^H-NMR (DMSO-d6), diagnostic signals, 5 (ppm): 1,74 (m, IH). 2,23 (m, IH), 3,3-4.0 
10 (m, 8H), 4,61 (ni, 110, 4,62(d, IH). 4,71 (d. Ml), 4,81 (bm. HQ, 5.16 (m, IH). 6,27 (m, 
IH). 6,67 (m. IH). 6,98 (m, IH). 7,17 (m, 5H). 7.4-7.55 (m. 2H). 8,22 (m. IH). 8,76 (m, 
1H).9.06(S.1H). 

(XXVII-C-o) 2,6:5,8-dianhydro-4-0-ben7yI-3-0-(cyclopropylcaibonyl)-7,9-dideoxy- 
9-({[(3-fluorophenyl)amino]carbonyl)amino)-D-glyccfo-L-gulo-nonitol 
15 MS:[M+H]*=515. 

'H-hfMR (DMSp-d6), diagnostic signals, 5 (ppm): 0.82 (m. 4H), 1,59 (m, IH), 1,71 (m, 
IH), 2,17 (m, IH). 3.2-4.0 (bm. 8H), 4,52 (m, IH), 4.60 (d, IH), 4.70 (d, IH), 4.76 (bs. 
Ifl). 4,86 (m. IH). 6.34 (bt, IH). 6.66 (t. IH). 7,2-7.4 (m, 7H). 7.42 (m. IHX 7.66 (bt. , 
IID. 

20 • (XXVII-C-p) 2.6:5,8-dianhydro-4-0-ben7yI.7.9-dideoxy-9-({[(3-fluorophenyl)- 
amino]carbonyl}amino)-3-0-(thicn-2-ylcarbonyl)-D-glyccro-L-gulo-noni^^^ 
MS:[M+H]*=557. 

'H-NMR (DMSO-dfi), diagnostic signals, 5 (ppm): 1,73 (m, IH). 2.20 (m, IH), 3.2-4.0 
(m. 8H). 4.57 (m, IH), 4,62(d. IH), 4,70 (d. IH), 4,81 (bm, IH), 5,06 (t, IH, J=7.2), 
25 6.26 (bt. IH). 6.67 (m, IH), 7.0 (d, IH). 7,17 (m. 7H). 7.44 (m. IH). 7.79 (m. IH). 7.92 
(m, IH). 8.77 (bs, IH). 

(XXVII-C-q) 2.6:5,8-dianhydro-4-0-benzyl-7,9-didcoxy-3.0-(4-nuorobcnzoyl)-9- 
({[(3-methoxyphenyl)amino]caibonyl}aniino)-D-glycero-L-gulo-nonitoI 
MS:[M+H]*=581 . 

30 'H-NMR (DMS0-d6), diagnostic signals, 6 (ppm): 1,73 (m. IH). 2,20 (m. IH), 3,1-4.1 
(bm, llH).4.56(m. lH),4,60(d, IH),4,69(d, lH),4,80(bm, 1H),5.1I (m, 1H).6,20 
(bt, IH). 6.46 (m. IH). 6.6-7.35 (m, lOH), 7,99 (m, 2H). 8.53 (s, IH). 
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(XXVII-C-r) 2,6:5.8Hlianhydro-4-0-benzylO-0-(cyclopropylcarb<myl)-7»9-dideoxy- 

9-({[(3-methoxyphenyl)amino]carbonyl}amino)-D-glycero-L-gulo-noiiitol 

MS:[M+H]'^=527. 

*H-NMR (DMSO-d6), diagnostic signals, 5 (ppm): 0,82 (m,4H), 1,59 (m, IH), !,71 (m, 
5 IH), 2,1 6 (m, IH). 3,2-4.0 (bm, I OH). 4,52 (m, IH), 4,60 (d, IH), 4,70 (d, IH), 4,76 (bs, 
IH), 4,86 (m, IH), 6.18 (bt, IH), 6,45 (m. IH), 6,82 (m, IH), 7.05-7.3 (m, 7H), 8.54 (bt. 
IH). 

(XXVII-C-s) . 2,6:5.8-dianhydro-4-C)-bcnzyl-7,9-didcoxy-9-({[(3- 
melhoxyphenyl)aminolcarbonyl}amino)-3^CHlh;en-2-ylcartx)nyl)-D-glycero-t^ 
10 nonitol 

MS:[M+H]*=569. 

'H-NMR (DMS0-d6), diagnostic signals. 5 (ppm): 1 ,73 (ra. 1 H), 2, 1 9 (m, 1 H), 3.67 (s, 
3Hj, 3,8-4.1 (m, 4H). 4.57 (m, IH). 4,62(d. IH), 4.70 (d. IH), 4,81 (bm. IH). 5.06 (t, 
IH, J=7.1), 6.19 (m, IH), 6,46 (Jot, IH). 6.84 (m, IH), 7,12 (m, 7H). 7.78 (m, IH), 7,93 
15 (m,lH).8,55(bs, IH). 
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CLAIMS 

1. A compound of foimula (I) or (II) below 




(II) 



wherein the hydroxyl groups, each independently, and the amino groiq>, in both 
5 formulae (I) or (11) may be optionally proteaed with suitable hydroxy and/or amino 
protecting groups; and pharmaceutically acceptable salts thereof. 

2. A compound according to claim 1 wherein the suitable hydroxy protecting 
groups are selected irom acyloxy, allyloxy, allylcarbonyloxy or arlylalkyloxy groups. 

3. A compound according to claim 2 wherein the suitable hydroxy protcctmg 
10 groups axe selected from acetyloxy, allyloxy, allylcaibonyloxy, benzyloxy and 

p.nitrobenzyloxy. 

4. A compound according to claim 1 wherein the suitable amino protecting groups 
are selected from alkoxycaibonylaniino or allyloxycarbonylamino. 

5. A compound according to claim 4 wherein the suitable amino protecting groups 
IS are selected from tert-butoxycarbonylamino (boc-amino) and allyloxycarbonylamino. 

6. Use of the compounds of formula (I) and (II), according to claim 1 , as scaffolds 
for combinatorial libraries. 

7. A process for preparing the compounds of fonnula (I), as defined in claim 1, 
which process comprises the reaction pathway of scheme ( 1 ): 
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Scheme 1 




8. A process for preparing the compounds of formula (I), as defined in claim 1, 
which process comprises the reaction pathway of scheme (2): 
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Scheme 2 



HO 
HO 
Bn-O 



^^s^SIMe, 



HO 
HO 



. , TMSOTf Bn 
BnO onto Bn 




l„ DCM, OX 



(V) 



(I) 



(M) (Xil) 
9. A process for preparing the compounds of foimula (U), as defined in claim 1, 
which process comprises the reaction pathway of scheme (3): 



Scheme 3 



Bno 
Bn 



^OBn 

c 1 . Oess-Maittn^ periodnane 



BitO ZADylMgBr.EtjO. -78X 

(Xlll) (XfV) 



^OBn 



El,SiH, BF,-Et,0. CH,CN 



^OBn 

^_ 1.I„0CM < ^ 

^OBn 2. BU4NN,. toluene B"0-"^a^. 

. - 



,PclK;.AcOH.AteOH 



(XV) 



(XVI) 



HO 

HI 



(11) 



10. A process according to any one of claims from 7 to 9 wherein the following 
codes have been used to identify functional groups and reactants thereof: (Bn) benzyl; 
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/ 

(CSA) Camphosulfonic acid; (DCM) dichloromethane; (DMF) N,N'-dimethyl- 
formaxnide; (Me) methyl; (Ph) phenyl; (PNB) paranitrobenzoyl; (TBDMS) tertbutyl- 
dimethyl-si]y]; (TFA) trifluoioacetic acid. 

11, A libraiy of two or more compounds of fonnula (XXVII) or of fonnula 
5 (XXVm) 

^^^•^ 

(XXVII) * (XXVIII) 

wherein 

Ri, R2 and R3 are. the same or different and independently from each other, a hydrogen 
atom or a group of formula (XXTX) 
10 -X-R« (XXIX) 

wherein X is a single bond or a divalent group selected Irom -CO-, -CS-, -CONR*- or 
-CSNR's 

R* and arc, the same or different and independently in each occasion, a hydrogen 
atom or an optionally substituted group selected from: 
15 a) straight or branched Ci-Cgalkyl; 

b) C3-C6cycloa]ky]or C3-C6Cycloalkyl-alkyl; 

c) aiyl or axylalkyi; 

d) hetcrocyclyl or hetcrocyclylalkyl; 

or R* and Re, taken together with the nitrogen atom to which they are attached, form an 
20 optionally substituted 5 to 7 membered heterocycle, optionally containing one 
additional heteroatom or heteroatomic group selected firom N, NH, O or S; or 
alternatively, any one of R) and R2 or Ri and may be linked together so as to form a 
5 to 7 membered heterocyclc comprising two oxygen atoms, through an alkylene chain 
-(CM2)m- wherein m is an integer from 1 to 3; 
25 R4 and Rs are, the same or different and independently from each other, a hydrogen 
atom or a group of formula (XXX) 

-Y-R« (XXX) 
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wherein Y is a single bond or a divalent group selected from -CO-, -CS-, -SO2-, 
-CONRS -CSNR'- or -C00-; 

R' and R6, the same or different and independently in each occasion, are as above 
defined or, alternatively 
5 R4 and R5, taken together with the nitrogen atom to which they are attached, form an 
optionally substituted 5 to 7 membered heterocycle, optionally containing one 
additional heteroatom or heteroatomic group selected from N, NH, O or S; 
and pharmaceutical ly acceptable salts thereof. 

12. A library according to claim 1 1 wherein R' and R« groups within formulae 
10 (XXVTT) and (XXVIII) are selected from optionally substituted alkyl, aiylalkyl, aiyl. or 

cycloalkyi groups. 

13. A library according to claim 12 wherein R* and R« groups within formulae 
(XXVTT) and (XXVIII) are selected from optionally substituted ethyl; isopropyl; n- 
hcptyl; n-butyl; methoxymethyl; dimethylaminomethyl; benzyl; 

15 p.methoxyphcnylmethyl; 2-phenylethyl; a-napthybnethyl; phenyl; 3,5- 
dimelhoxyphenyl; p.methylphenyl; p.fluorophenyl; m.fluoromcthyl; ra.methoxyphenyl; 
pyTidyl-3-yl; thienyl-2-yl; or cyclopropyl. 

14. A library according to claim 1 1 wherein pharmaceuticatly acceptable salts of the 
compounds of formula (XXVII) and (XXVIII) are selected from acid addition salts with 

20 nitric, hydrochloric, hydrobromic, sulfuric, perchloric, phosphoric, acetic, 
trifluoroacctic, propionic, glycolic, lactic, oxalic, malonic, malic, maleic, tartaric, citric, 
benzoic, cinnamic, mandelic, methanesulphonic, isethionic and salicylic acid, as well as 
the salts with sodium, potassium, calcium or magnesium hydroxides, carbonates or 
bicarbonates, methylamine, elhylaminc, dicthylamine, triethylamine or pipcridinc. 

25 15. A library according to claim 1 1 of two or more compounds of formula (XXVII). 

16. A libraiy according to claim IS wherein R4 and Rs are both hydrog^ atoms. 

17. A library according to claim 16 comprising two or more compounds of fonnula 
(XXVII-A-) as defined in Chan A. 

18. A library according to claim 15 wherein one of R4 or R5 is a hydrogen atom or 
30 an arylalkyl group and the remaining of R4 and Rs is a group of formula (XXX) wherein 

Y is a divalent -CO- or -SO2- group and is as defined in claim 1 1 . 
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19. A Hbraiy according to claim 1 8 comprising two or more compounds of formula 
(XXVn-B-) as defined in Chart B. 

20. A library according to claim 1 5 wherein one of R4 or R5 is a hydrogen atom and 
the remaining of R4 and R5 is a group of fomiuta (XXX) wherein Y is a divalent 

5 -COTvfR*- or -CSNR*- group and R* and R« are as defined in claim 1 1 . 

21. A library according to claim 20 comprising two or more compounds of formula 
(XXVn-C-) as defined in Chart C. 

22. A method to identify a protein kinase inhibitor, or a polymerase pr protease 
inhibitor of viral or bacterial pathogens, which method comprises screening a 

10 combinatorial library of compounds of formula (XXVfl) or (XXVIII), according to 
claim 1 1, towards the said protein kinase, polymerase or protease. 
23.. A compound having formula (XXVII) or (XXVIII) as identified through the 
screening method of claim 22. 

24. Use of a compound of formula (XXVII) or (XXVIII) with protein kinase 
15 inhibiting activity, as identified through the screening method of claim 22, in the 

preparation of a medicament for treating disorders caused by or associated with an 
altered protein kinase activity. 

25. Use according to claim 24 for the treatment of tumors. 



